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In the Chair: THE PRESIDENT, COLONEL THE MASTER OF 
SEMPILL 


A meeting was held at the Royal Society of Arts, John Street, Adelphi, 
London, on Thursday, February 28th. 


The Prestpent: Mr. R. A. Frazer will deal with a subject of peculiar 
importance and one which had been very much emphasised in recent years. Mr. 
Frazer had been connected from the first with the special Sub-Committee which 
had been set up by the Aeronautical Research Committee and proposed to illus- 
trate his paper on ‘‘ The Flutter of Aeroplane Wings ’’ with slides, a short film, 
and some experiments. 


THE FLUTTER OF AEROPLANE WINGS 


BY 


R. A. FRAZER, B.A., B.Sc., A.F.R.AE.S. 


Mr. Frazer: The present paper deals with measures for the avoidance of 
unstable oscillation of aeroplane wings. 

Violent oscillations of particular parts of an aeroplane structure have been 
observed and studied since early days. The theory of wing oscillations is, 
however, rather more modern and was initiated, it is believed, by A. G. von 
Baumhauer and C. Koning, who presented a paper! at the International Air 
Congress in 1923. Since that year the subject has been much developed both 
abroad and in this country. The literature? has grown rapidly, and a detailed 
notice of the papers cannot here be attempted. 

In 1925 the Accidents Investigation Sub-Committee of the Aeronautical 
Research Committee issued a report® dealing with accidents to aeroplanes 
involving wing flutter. The report proposed certain provisional measures for 
the avoidance of flutter, but recommended a more complete investigation of the 
subject. In December, 1926, the control of this investigation was transferred 
to the specially appointed Flutter Sub-Committee. 


1 Ref. (1). 

2 An Annotated Bibliography is given in the Appendix to R. & M. 1177 (Ref. 2) and in 
Appendix VIII. to R. & M. 1155 (Ref. 3). The short list of numbered references appended 
to the present paper only includes publications specifically mentioned in the text. 


3 Ref. (4). 
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The problem has been studied theoretically and experimentally, both at the 
Royal Aircraft Establishment and at the National Physical Laboratory. <A 
mathematical analysis of the vibrations of an elastic cantilever wing, examina- 
tions of spar fractures, mechanical tests of wing structures, and the prediction 
of full-scale flutter by means of wind tunnel experiments, are some of the ques- 
tions which have been pursued at Farnborough. The development of a simple 
theory of wide applicability, experimental tests of its validity, and its application 
10 the problem of flutter prevention, have been the principal lines of inquiry at 
Teddington. The present paper will deal mainly with the work at the N.P.L., 
since it is with this particular branch that the writer has been in immediate 
contact. 

Valuable assistance has been given in many directions and a full acknow- 
ledgment is quite impossible. Progress has been due primarily to the stimulus 
of discussions with members of the Flutter Sub-Committee, with the Superinten- 
dent of the Aeronautics Department of the N.P.L., and with members of the 
staff at the R.A.E. My colleague, Mr. W. J. Duncan, has very closely co- 
operated both in the theoretical and the experimental work, and his detailed 
criticism of the present paper has been particularly welcome. Mr. A. G. Gadd 
has given able assistance in the wind tunnel experiments, and in the preparation 
of diagrams; and Miss S. Skan has had the burden of exacting calculations. 

The investigation, although not complete or iaal, has pointed to the conclu- 
sion that a complete eradication of wing flutter would be extremely difficult. On 
the other hand, evidence has been obtained that the observance of particular 
precautions in wing design should normally ensure a postponement of wing flutter 
to very high speeds. A full account of the evidence, and a discussion of the 
design recommendations, has been given in monograph form as R. & M. 1155.* 

The present paper, the publication of which has kindly been sanctioned by 
the Aeronautical Research Committee, contains a statement of the recommenda- 
tions, and a non-mathematical explanation of their meaning. It is based largely 
on the subject matter of the monograph, but the writer is personally responsible 
for expressions of opinion. In Part I. the necessary theory is built up from 
first principles. Unfortunately, in the absence of symbols, the treatment is un- 
avoidably somewhat diffuse and involves a lavish use of unconventional descrip- 
tive terms. Part II. surveys the results of experimental tests of the theory; 
and Part III. deals with the actual design recommendations. 

The writer is indebted to the Air Ministry for permission to refer to the 
results of the wind tunnel tests carried out at the R.A.E. 


ParRT ].—THE PRINCIPLES OF FLUTTER PREVENTION 
Section 1_—The Wing with Locked or Irreversibly Controlled Aileron 


1. The Flutter of Leaves.—The influence of wind on pliant laminz is 
illustrated strikingly in the flutter of leaves. Quite stable in gentle breezes, 
they respond differently to faster winds, and either flutter or cur] round abruptly 
to new equilibrium attitudes—according to the type of leaf. 

On some days the transition from steadiness to flutter can easily be observed. 
It occurs at a quite definite critical wind speed, and is indicated by a slight 


trembling movement of the leaf, which persists without growth. As soon as 
this critical flutter speed is exceeded, the small oscillation grows, until the forces 
on the leaf adjust themselves to check further increase. The final outcome is 


a permanent oscillation of a large constant amplitude. 


4 Ref. (3). 
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The alternative condition, where a leaf curls suddenly to a new equilibrium 
attitude without oscillation, is an instance of a divergent instability. The transi- 
tion from stability, in this case, is through neutral equilibrium, and occurs at 
the so-called divergence speed. 
representation of the way in which most aeroplane wings would behave if no 
limitation existed on flying speeds. At a sufficiently high speed, either flutter 
or divergence would almost inevitably occur. 


2, Wing Flutter.—The every-day phenomena just described provide a fair 


With wings the transition from stability to flutter is apt to be very abrupt- 
Owing to the retarding influence of solid friction, the first Nutter can be delayed 
to a speed exceeding the true critical value; but the flutter which does occur 
when friction is overcome, is an established instability and not merely a small 
permanent oscillation. Under these conditions large violent oscillations are 
built up very rapidly. 

3. Limitation of Theory to Small Oscillations.—In flutter theory no attempt 
is made to study the large oscillations which occur when flutter is fully developed. 
The aim is to prevent growth in the early stages, when oscillations are still vers 


small. This restriction is almost essential to a mathematical treatment, and 1s 
normally adequate, since oscillations as a general rule begin small. The excep- 
tional case not covered is where the oscillations would grow if they were to 
begin large, but are nevertheless stable when they begin small. Experiments 


with a flexible model wing have indicated that the critical speed may sometimes 
be reduced when severe disturbing gusts are imposed. 

1. The Assumption of Immobility of the Fuselage.—In the normal form of 
the theory, the port and the starboard wing motions are treated as independent, 
and any oscillations of the aeroplane as a whole, which may accompany flutter 


of the wings, are neglected entirely. Strictly, the oscillations of the wings 
and of the fuselage are not independent, but the theory of the complete motion 
is too involved to be generally serviceable. Some investigation of the matter 


has, however, been made, and, although full conclusions have not yet been 
drawn, the indications are that results based on the ordinary theory will err, tf 


at all significantly, on the safe side. The mobility of the fusclage appears to 
be one important factor which governs the lag between the port and the star- 


board wing motions. 

5. The Mode vf Flutter.—The discussion of the structure of the oscillations 
of an elastic wing is best introduced by the consideration of a simpler problem. 
When, for instance, a taut pianoforte wire receives a disturbance, the resulting 
oscillations will depend upon the nature of the disturbance, and = may 
be of a very complex type. Usually, the motion at each point will not show 
merely a single frequency, but will be a superposition of a whole series of motions, 


each with its distinct frequency. The slowest of these component periodic 
motions is known as the fundamental oscillation, and the faster ones are the 
harmonics. Usually, the fundamental has the largest amplitude, and is thus 


the predominant motion. In still air, each constituent oscillation is damped, so 
that the most general oscillation also eventually dies away. 

In the case of an elastic wing, the most general oscillation in still air 
can again be synthesised by the superposition of a series of damped constituents, 
each with a definite frequency. Moreover, as with the wire, the fundamental 
oscillation will normally predominate in the free motion of the wing. 


If the wing be exposed to a wind, the same general considerations apply, 
but the constituent oscillations will have become modified in several respects 
owing to the action of the wind. For the moment, it will be supposed that 
merely the frequencies and the dampings will alter. Now the essential point 
is that the dampings, in particular, will usually be affected to different extents. 
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Some may increase continuously with the wind speed, but others may begin to 
decrease when the speed becomes sufficiently high. In fact, when the critical 
speed for flutter is reached, one particular constituent oscillation forfeits its 
damping entirely—and, at yet higher speeds, becomes negatively damped, and 
therefore unstable. Since the remaining constituents are positively damped at 
this stage, they have no significant influence on the motion, and can be ignored 
entirely. Thus when flutter occurs, the oscillations of the wing will conform 
with one of the constituent types, and will therefore be of a single frequency,’ 
irrespective of the way in which the wing is initially disturbed. There is both 
theoretical and experimental evidence that the constituent oscillation which first 
becomes unstable will, as a general rule, be that oscillation which develops 
from the fundamental in still air. 

The nature of the actual displacements of the wing during flutter may now 
be considered. For simplicity, it is usually assumed that the only displacements 
which are of importance in flutter are those purely normal to the wing chord. 
In this case, since the motion has merely a single frequency, every point of 
the wing will move up and down at the same frequency. On the other hand, 
the amplitudes of these motions will be different at different points of the wing, 
and the various movements will not all be in step. The law which governs the 
distribution of the amplitudes and the phase differences over the wing is known 
as the mode of the oscillation. Mr. S. B. Gates® has studied the modes and 
the instabilities of an elastic cantilever wing mathematically, and has shown 
that the problem, when attacked on direct lines, 1s extremely complex. 

6. The Variability of the Modes with Wind Speed.—In the foregoing ex- 
planation it was for simplicity assumed that merely the frequencies and the 
dampings of the standard constituents will vary with the wind speed. Actually, 
the modes themselves will, to some extent, alter; and it is the variability of the 
modes with wind speed which forms the principal difficulty in a strict investigation, 

In still air, the movements at all points of the wing will be almost in step, 
and the mode is then defined by the distortion of the wing at maximum amplitude. 
This distortion can, of course, be specified in various ways; for instance, if the 
ribs and the other cross-connections are treated as inflexible, by the ‘* laws ”’ 
of bending of the two spars. The evidence of wind-tunnel experiments is 
that, in general, these laws will not be modified seriously when the wing is 
exposed to a wind. If this were exactly true, the simple theory would be strictly 
applicable to elastic wings. 

7. Theory Valid for Semi-Rigid Wings.—The structures for which the theory 
is actually valid may conveniently be referred to as ‘* semi-rigid ’’ wings. They 
may be regarded as spring-constrained mechanisms which have the same general 
form as conventional wings, but are so constructed (of links, etc.) that they 
can distort from their equilibrium attitudes only in accordance with specified 
geometrical laws. A simple illustration may be given. 

Imagine a wing to be constructed with two straight and perfectly inflexible 
spars. These spars are to be supposed hinged at their inboard ends to the 
fuselage, so as to be separately capable of angular movement in roll; but spring's 
are also to be provided to stabilise each spar about its equilibrium position. The 
remainder of the wing may, for simplicity, be viewed as pinned freely to the 
spars. If necessary, the resemblance to a real wing can be somewhat improved 
by the addition of a spring cross-connection between the spars. The type of 
wing required will be sufficiently clear from Fig. 1. 

The wing described satisfies the definition of semi-rigidity since the displace- 
ments of its spars increase linearly along the span, and therefore obey specified 


6 Multiple frequencies can sometimes be induced by reflections of oscillations along bracing 
wires. Such effects are merely secondary. 


® Ref. (5). 
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laws, irrespective of the way in which loads are applied. Thus, its oscillations, 
whether in still air or in a wind, will always conform to a constant ‘ linear ’’ 
mode as far as concerns the laws of bending of the spars. On the other hand, 
it is still possible for the spars to move out of step. 

The conception can be generalised to arbitrary laws of bending of the spars. 
For instance, the laws might be chosen to copy closely the mode of distortion of 
a given elastic wing at its critical flutter speed. In this case, if also the net 
stiffmesses and the net inertias of the two wings were equivalent, the behaviours 
of the wings at the given speed would be almost indistinguishable. At other 
speeds the oscillations would not agree so closely, but the differences would still 
be small over a considerable speed range 


0, 


Fig. 
Diagram _of Simple Semi- Rigid Wing. 


Reference Section is R,Rp. 
Reference Centre is C. 


Flexural Co~ordinate is 


Torsional Co-ordinate is Angle Cre. 


An essential distinction between an elastic wing and its semi-rigid counters 
part lies in their behaviour under static load. ‘The deformations of the elastic 
wing would vary with the situation of the loads; whereas those of the semi- 
rigid wing would always follow assigned laws. 

~ & The Reference Section and the Reference Centre.—Before the motion 
of a wing can be described, it is necessary to be able to specify the positions 
of all points of the wing at every instant. When the wing is semi-rigid the 
positions of all its points are known as soon as the position of any one section 
is specified. With the wing of ‘‘ linear ’’ mode, for instance, a knowledge of 
the positions of merely the two spar tips is sufficient to locate the tip section 
and, therefore, the whole wing. In this case only two positional co-ordinates 
are required. This will clearly also be true whatever be the laws of bending of 
the spars, provided that the displacements are purely normal, as is usually 
assumed.’ 

Actually it is preferable to specify the deformation of a semi-rigid wing as 
follaws. Any convenient cross-section (e.g., the wing tip) is selected as reference 


7 On a staggered biplane, for example, some ** yawing ’’ movements of each wing would occur 
during flutter, and additional co-ordinates might be necessary to describe the displacements. 
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section, and any convenient point in that section is adopted as “* reference centre.” 
Then the angular displacement of the reference section is the “ torsional co- 
ordinate ’’ of the wing; and the displacement of the reference centre—usually 
also expressed as an angle—is the flexural co-ordinate. 

When the wing Is in motion, every point of it has a definite velocity and a 
definite acceleration at any instant. ‘The distribution of these quantities over 
the wing will clearly also be known if merely the corresponding rates of changes 
with time of the torsional and the flexural co-ordinates be known. On _ this 
understanding, the rates of change of the positional co-ordinates with time are 
often spoken of as the velocities and the accelerations of the wing. 

g. The Forces on an Oscillating Semi-rigid Wing.— A normal force applied 
at any point of the wing will produce a certain displacement of the reference 
section. This displacement could equally well be obtained by a suitable normal 
force applied at the reference centre, and a suitable twisting couple applied to 
the reference section. In other words, with a semi-rigid wing, it is always 
possible to replace a force acting at a general point of the wing by a ‘‘ flexural ”’ 
force and a ‘* torsional’’ couple, both acting in the reference section. This 
fundamental property is, of course, not true of elastic wings. 

When the wing is in motion through the air, the applied forces are of 
two kinds—namely, wind forces and elastic restoring forces. However these 
may be distributed, their equivalents in the reference section can be combined 
into a resultant flexural force and a resultant twisting couple. These must, 
respectively, balance the corresponding resultant inertial force and inertial couple 
which arise effectively from the mass accelerations distributed over the wing. 
The equations of motion of the theory merely express this state of balance sym- 
bolically. 

For convenience the ‘‘ flexural ’’ forces at the reference centre are always 
multiplied by the distance of their common line of action from some fixed base 


in the wing (e.g., the root chord). The moments so obtained are described 
as flexural moments. Similarly, the couples in the reference section are the 


torsional moments. In order to understand how the stability is influenced by 
elasticity, inertia, and wind action, it is necessary to analyse these two groups 


of moments in detail. 


10. The Elastic Moments and the Flexural Centre.—In general, a semi- 
rigid wing twists when it is given a flexural displacement. Conversely, the 


application of a pure twisting couple usually produces a flexural displacement. 
These effects are simple illustrations of so-called coupling between flexure and 
torsion. 

When the wing is displaced both in flexure and in torsion, the elastic 
fleavral moment which acts will be the sum of a direct moment proportional to 
the flexural displacement, and of a compound moment proportional to the torsional 
displacement. The multiplier associated with the flexural displacement is called 
the direct elastic flexural stiffness, and that associated with the torsional dis- 
placement is the elastic cross-stiffness. 

Reciprocally, the elastic torsional moment will be the sum of a_ direct 
moment, whose multiplier is the direct elastic torsional stiffness, and of a coupling 
whose multiplier happens to be identical with the previous cross-stiffness. 

A very important property of the wing is’ that the elastic coupling can be 
made to vanish by a suitable choice of the reference centre (i.e., by a suitable 
definition of flexure). The particular point in the reference section which offers 
this simplification is called the flexural centre. No twist of the reference section 
results when normal loads are applied at the flexural centre; and, reciprocally, 
no displacement of the flexural centre results when a pure twisting couple is 
applied to the section. These properties are useful in the experimental deter- 
mination of the flexural centre of an elastic wing. 
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11. The Inertial Moments and the Principal Centre of Inertia. —The struc- 
All 
the moments are, of course, now proportional to the accelerations, but the physical 
significance of the direct ones and of the coupling will be clear without repetition. 
The multipliers corresponding to the two direct stiffnesses are called the flecural 
and the torsional moments of inertia; and the analogue of the cross-stiffness 1s 
the flerural torsional product of inertia. Finally, the inertial coupling will vanish 
when the reference centre is placed at a special position, known as the principal 


ture of the inertial moments closely resembles that of the elastic moments. 


centre of iertia. 
The product of inertia of an elastic model wing can be measured as follows. 
lor definiteness, suppose the reference section to be the wing tip and the wing 


to be horizontal. The first step is to find the flexural centre. lor this it wili 
be enough to lay a known weight, or rider, on the tip section, and to move it 
along the chord until no twist of the tip results. The rider then coincides with 
the flexural centre and the position can be marked. Tf now a normal dispiace- 
ment be given to this centre, and abruptly released, the wing will usually oscillate 
both in flexure and torsion. The compound motion is due to the fact that, 
although elastic coupling is absent, vet there is inertial coupling. In order to 


eliminate the latter as weil, the rider must clearly be moved once more along the 
wing tip, until no torsional motion results when displacements of the flexural 
centre are released. In this condition the inertial coupling of the wing Is exactly 
compensated by the inertial coupling due to the rider. The product of inertia 
required is at once caleulable from the known mass and position of the rider. 
The rider, as finally placed, and the principal centre of inertia of the wing alone, 
will clearly lie on opposite sides of the flexural centre; but the exact position of 
the principal centre of inertia cannot be found without more elaborate 
measurements. 

12. The Wind Moments, the Centre of Independence and the “ Quarter 
Chord’ Position.—The moments due to wind action are more numerous than 
those of the previous groups. Some are proportional to wing velocity and repre- 
sent the damping influence of the wind; others are proportional to wing displace- 
ment, and contribute to the stiffnesses. 

Consider, firstly, the moments which are proportional to wing velocity. The 
effect of a flexural velocity is to induce changes of the angle of attack, along the 
wing span. Thus, in general, both a flexural moment and a torsional moment, 
proportional to the flexural velocity, must be produced. The first is a direct 
moment, and its multiplier is the direct flerural damping; whereas the second 
is a coupling, and has for multiplier the compound torsional damping (due to 
flexural velocity). For somewhat analogous reasons torsional velocity gives rise 
to both a direct, and a compound, damping. In marked contrast to the elastic 
and the inertial couplings, the two compound dampings will not, in general, be 
equal, and cannot therefore be made to vanish simultaneously by any choice of 
the reference centre. The compound flexural damping cannot conveniently be 
eliminated, but the compound torsional damping will disappear for a position of 
the reference centre fairly far forward in the chord. For reasons which will 
become clear later, the point for which this particular coupling vanishes will be 
referred to as the centre of independence. 

The moments proportional to displacement require very little explanation. 
The direct torsional wind stiffness is the analogue of the rate of change of pitching 
moment with angle of incidence for rigid aerofoils, and may be expected to vanish 
when the reference centre lies near one quarter of the chord from the leading 
edge. For brevity, the term quarter chord position is always used in this sense, 
although the exact position for zero torsional wind stiffness will naturally vary 
slightly from wing to wing. The compound flexural wind stiffness due to torsion 
has its origin in the change of normal force with incidence, and cannot be made 
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to vanish. When the angle of incidence is not large, the other two stiffnesses 
are negligible, since the moments are then clearly insensitive to mere flexural 
displacements of the wing. Thus, of the two couplings, one will normally be 
present and the other will be absent, irrespective of the position of the reference 
centre. 

13. Synopsis of the Moments.—The various terms which comprise the 
flexural and the torsional groups of moments are summarised in Table I. 

14. The Non-Dimensional Coefficients.—In flutter theory it is convenient to 
express the various multipliers of the moments in terms of non-dimensional 
coefficients. For simplicity, the following system has been used :— 

Let 

p denote the air density. 

V the wind speed. 

S the plan area of the single wing considered. 

Then the inertial coefficients, the damping coefficients, and the stiffness co- 
efficients are the corresponding original multipliers divided by pSs*, by pSs*V, 
and by pSsV?, respectively. 

When the angle of incidence is constant, and aerodynamical scale effect is 
absent, all the coefficients for a given wing are independent of wind speed with 
the exception of the elastic coefficients, which vary inversely as V?. Thus, each 
total stiffness coefficient, representing the combined influence of wind and elas- 
ticity, is the sum of a constant wind stiffness coefficient and of a variable elastic 
stiffness coefficient. 

It is found that the criteria which must be used to test the stability of the 
wing, when expressed in terms of the coefficients, do not involve the wind speed 
explicitly. This is of particular advantage in the graphical treatment of the 
stability. 

15. Flutter Prevention by Suppression of Couplings.—If all couplings were 
absent, the motions in flexure and in torsion would be without mutual influence. 
The most general oscillation would, therefore, consist merely of the super- 
position of independent flexural and torsional oscillations, and both would 
normally be positively damped and stable.* Further, a divergence could begin 
only if the wing passed through neutral equilibrium® either in flexure or in 
torsion. The total flexural stiffness would, however, always be positive, and the 
total torsional stiffness would never vanish if the flexural centre lay forward of 
the ‘‘ quarter chord ’’ position. Thus, with these restrictions, instability would 
be completely avoided. : 

An elimination of all the couplings is quite impracticable, but it can be 
shown that a suppression of merely those couplings which contribute to one of 
the two groups of moments would prove equally effective. In this case the most 
general oscillation of the wing would again be built up of the separate flexural 
and torsional oscillations, but in a somewhat less direct way than formerly. 
Now it so happens that all the compound torsional moments can actually be 
suppressed. From Table J. (b) it appears that they would all vanish if the 
principal centre of inertia, the centre of independence, and the flexural centre 
were made coincident. Flutter would then be prevented for all wind speeds and 
for all elastic stiffnesses. On the other hand, divergence would still occur at 
some wind speed, unless the common centre happened to lie at or forward of the 
quarter chord position. 

8 Flutter would occur if one of the oscillations were negatively damped, but this objectionable 


contingency is believed to be unlikely with full-sized wings at ordinary angles of incidence. 
9 See end of §1. 
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Unfortunately, the position of the centre of independence is fixed solely by 
an aerodynamical characteristic of the wing which, in the present state of know- 
ledge, is not open to control by the designer, Wind tunnel experiments have 
shown that for a square-tipped cantilever wing of aspect ratio 3:1, the centre in 
question lies at about 0.3 chord from the leading edge. The position is, of 
course, likely to depend to some extent upon the section and the plan form of 
but on the evidence it must be presumed to lie aft of the quarter chord 


the wing, 
It follows that complete stability of a wing is in general unattainable 


position. 
at least on the lines suggested. 


The most that can actually be done is to adopt measures which lead to a 
large speed range for stability. Such measures are most readily discovered by 
the use of a graphical representation of the stability criteria. 

16. Graphical Discussion of the Stability.—The criteria which test the 
stability are the signs of two expressions involying the inertial constants, the 
damping coefficients, and the total stiffness coefficients. The sign of the one 
expression decides whether divergence occurs, and the sign of the other whether 
When both are positive the motion is stable; this is the usual 
As the wind speed is increased, one or 
This indicates a 


flutter occurs. 
condition for real wings at low speeds. 
other expression may vanish and thereafter become negative. 
divergence speed, or a critical flutter speed, according to the expression affected. 


\s explained in $14, the only coefficients which vary with wind speed V 
are the total stiffness coetlicients. When the flexural centre is adopted for refer- 
ence centre, the elastic cross-stiffness vanishes, and the two compound. total 
coeflicients also become absolute constants. Thus, merely two para- 
now remain in the test expressions, namely, 
‘aphical representation of the 


stiffness 
meters which are variable with V 
the two total direct stiffness coefficients. In the gt 
stability, these two coefficients are treated as current co-ordinates in a certain 
‘test diagram ”’ (e.g., Fig. 2). 
« Each wind speed gives rise to a definite point in the diagram, but for a 
given proportion between the elastic stiffnesses all the points lie on a straight 
line, whose slope is the ratio of the elastic stiffnesses, and is therefore positive. 
The line is called the ‘* stiffness line,’ corresponding to the given elastic 
“stiffness ratio.’ One particular point Z of the line corresponds to infinite 
wind speed, and its position is independent of the elastic stiffnesses. It has for 
co-ordinates the two direct wind stitfness coeficients, and is known as the wind 
stiffness point. The speed corresponding to any point Q on the line will vary 
inversely as the square root of the segment ZQ. This segment is to be taken 
as positive when Q lies above, or to the right of, Z (as shown in Fig. 2). All 
points of the line below, or to the left of, Z, lead to negative segments and unreal 
speeds, and may thus be completely ignored. 

When the elastic stiffmesses are left general the two relations which deter- 
mine the divergence speeds and the critical flutter speeds plot as conic sections 


in the diagram. The one appropriate to divergence is always a hyperbola, but 
in the application to a wing with locked aileron it reduces to the two co-ordinate 
axes ON and OY. On the other hand, the test conic for flutter is normally an 


ellipse or, strictly, merely an elliptic arc. In the diagrams shown in the present 
paper, that part of the ellipse which actually corresponds to flutter will always 
be drawn heavy; the remainder of the curve is of no practical importance and 
should be ignored. 

Points remote from Z correspond to low speeds and to stability. Thus, the 
earliest instability for any given stiffness ratio will be indicated by that inter- 
section of the stiffness line with the test conics which lies farthest from Z. In 


Fig. 2, for instance, the earliest instability corresponds to Q,, and is a flutter. 


| 
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A diagram in which Z lies above O is appropriate to the case where the 
flexural centre lies forward of the quarter chord position. It is found that the 
point Z also necessarily lies below the elliptic are MN when, as seems to be the 
usual case, the centre of independence is aft of the quarter chord position. When 
Z is restricted to fall within the segment OM, flutter is clearly quite unavoidable.” 

In practice the optimum position for the flexural centre is probably close 
to the centre of independence. The general influence of movements of the flexural 
centre and of the principal centre of inertia will be clear from Figs. 3 and 4. 
These diagrams relate to square tipped cantilever wings of aspect ratio 3:1, 
and are based on experimentally determined aerodynamical data. In the con- 
struction of each diagram particular values have been assigned to the moment 
of inertia coefficients. These coefficients correspond to the inertial constants, 


Total Torsional 
Stiffness CoeFFt. 


Test Conic for Flutter. 


M Stiffness 
FLUTTER. TABILITY. 


Total Flexural Stiffness Coeff¢ ——> 


TEST DIAGRAM for WING with LOCKED AILERON. 


flexural elastic Stiffness _[lorsional el.stiffness 
Wind Spd V psx ZP PISKPQ 


as actually measured for a wing of g feet span. The flexural and the torsional 
moment of inertia coefficients for Fig. 3 are fixed at the values 0.34 and 0.0058, 
respectively ; and those for Fig. 4 at the values 0.34 and 0.0041, respectively. 

In Fig. 3 the flexural centre is assumed to be at the quarter chord position, 
and Z falls at O. The curves 1, 2 and 3 correspond to progressive advancement 
of the principal centre of inertia!! towards the flexural centre (all other factors 


10 In certain simplified treatments of the subject compound dampings are neglected entirely. 
If they were actually absent, the points M and N of Fig. 2 would both coincide with the 
origin O. The point Z would now lie above the ellipse, and flutter could readily be 
prevented, 

11 The product of inertia coefficients appropriate to curves Nos. 1, 2, 3 are 0.033, 0.015 and 
zero, respectively, in Fig. 3, and 0.024, 0.006 and zero, ré spectively, in Fig. 4, 
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being kept unchanged). For all stiffness ratios there is clearly a marked increase 
of critical speed when the centre of inertia is as far forward as the flexural 
centre. 


Fig. 4 shov s corresponding curves for the case where the flexural cé1.:te is 
at the centre o: independence. Since the point Z now lies below O, the 1s 


OX (which is part of the divergence hyperbola) can intercept positive segmei s 
on any stiffness line. With curve No, 1 the centre of inertia is well aft of the 
flexural centre, and flutter is the first instability for normal stiffness ratios (e.g.; 
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Total Flexural Stiffness Coefficient 


Fig. 3. 


Test DIAGRAM for CANTILEVER WING wen LOCKED 


AILERON. 
Flexural Centre at the ‘Quarter Chord " 
Position 


( D is distance principal centre of inertia behind LE, in wing chas ). 


12 The formulae for the wind speed V corresponding to any point O of the diagram are stated 


in Fig. 2. The flexural stiffness is defined as the load per unit linear deflection, multiplied 
by the square of the wing span; and the torsional stiffness as the twisting couple per radian 
angle of twist. The loads are to be applied, and the deflections measured, at the wing tip. 


Numerical example :— 

p=0.00237 slug/ft.2; S=75 ft.2; 

s=15ft.; flexural stiffmess=1.5x106 Ib. ft. per radian; stiffness ratio 1:20; flexural 

centre at 0.25 chord; principal centre of inertia at 0.54 chord. 

Then the critical speed for flutter is given by the intersection O, shown in Fig. 3; and 
on application of the formule of Fig. 2, the critical speed is found to be V~=440 m.p.h. 
If the principal centre of inertia had been at 0.38 chord (intersection Q,), the critical speed 
would have been raised to 510 m.p.h. The critical speed corresponding to curve No. 8 
would be extremely high. 
These results are only applicable if the moment of inertia coefficients of the wing are those 
appropriate to the diagram. With the particular dimensions and stiffnesses cited, the natural 
frequencies of the wing in flexure and in torsion for still air would necessarily be 815 and 
1360 cycles per minute, respectively. : 
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the intersection Q,). On the other hand, as the centre of inertia closely ap- 
proaches the jexural centre, the ellipse first shrinks into a mere point at O 
(curve .Jo. 2), and thereafter the arc relevant to flutter disappez ‘s entirely. In 
thi .inal condition, the only possible instability is a high speed ivergence (i.e., 
th intersection f,). 

Location of the flexural centre aft of the centre of independence is disadvan- 
tugeous, since although flutter can still be eliminated, the divergence speed would 
‘e lowered unnecessarily, The strictly optimum conditions for any particular 
ving would depend upon the elastic stiffmesses, but would certainly require the 
flexural centre to be placed at, or slightly forward of, the centre of independence, 
and the principal centre of inertia to be at, or forward of, the flexural centre. 
A working rule, consistent with these restrictions, is to choose the three centres 
coincident. In the design recommendations, this has been adopted as the stan- 
dard measure, since theoretically it eliminates flutter completely, and only permits 
a high speed divergence. 
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Total Flexural Stiffness Coefficient 


4. 
TEsT DIAGRAM for CANTILEVER WING with LOCKED A/LERON. 


Flexural Centre at Centre o& Independence. 
is aistanee princpal centre of inertia behind in wing chords |) 


Section I].—Flutter Involving the Ailerons 

17. The Aileron Elastic Stiffness —Throughout the preceding discussion, 
the aileron has been assumed locked to the wing. However, when the ailerons 
are operated by cab.es, relative movements between each wing and aileron can 
occur, even though the aileron angle may nominally be fixed. 

The evidence from full-scale is that aileron flutter can develop in at least 
two different ways. In some flutters the control stick is violently jerked, and in 
others it can be held steady without much effort. In the former case the move- 
ments of the port and the starboard ailerons are opposed, as normally, and the 
ailerons are virtually free from elastic constraint; whereas, in the second case, 
the ailerons oscillate up and down in step, against the full elasticity of the cables. 
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Intermediate types are also, no doubt, possible, in which the constraint 
imposed lies between its extreme limits. Owing to this indefiniteness of the 
conditions, the aim has been to prevent flutter, if possible, for all values of the 
aileron elastic stiffness. 


18. The Generalised Semi-Rigid Wing.—The addition of an aileron to the 
semi-rigid wing already described, introduces no substantially new ideas. For 
simplicity the aileron itself is regarded as rigid.’* In this case, only one further 


positional co-ordinate is required to describe the motion, namely, the angular 
displacement of the aileron relative to the main wing. Since this aileron angle is 
variable along the span when the wing is twisted, it has to be defined in a par- 
ticular section. Usually, the section selected is the reference section of the main 
wing (¢.g., the wing tip). 

The three groups of moments which now balance at each instant of motion 
are the flexural and the torsional moments on the complete wing, and the aileron 
hinge moments. The direct multipliers and the couplings involved will be more 
numerous than previously, but their physical significance will be quite obvious 
without a detailed explanation. 

19. Basis of Flutter Prevention by Suppression of Couplings.—If couplings 


were entirely absent, the motions of the wing in flexure and in torsion, and of 


the aileron about its hinge, would be without mutual influence. For complete 
stability, each independent motion would have to be completely stable. The 
need for a positively, and preferably heavily, damped aileron, with some degree 
of acrodynamical underbalance, is thus indicated at the outset. 

In practice, owing to the small number of disposable factors, very few of 
the couplings can actually be eliminated. The most promising plan is to attempt 
to suppress the influence of flexural motion on both the torsional moments and 
the aileron hinge moments. ‘The conditions required in the case of the torsional 
moments have already been discussed, and merely the hinge moments need now 
be considered. 

Klexural movements can, in general, produce three types of hinge moment. 
Firstly, the flexural acceleration of the aileron masses gives rise to an inertial 
hinge moment, whose multiplier is the flerural aileron product of inertia. This 
constant will vanish if the masses of the aileron are appropriately distributed. 
Secondly, there will be some compound aileron damping due to flexural velocity. 
Its magnitude depends upon the aileron hinge position and the manner in which 
the wing is supported, but is, in general, relatively small. Thirdly, if the point 
of operation of the aileron control cables is not placed in the reference section, 
some slight elastic coupling may be incurred. Of the three couplings, the one 
which has normally the greatest influence is the product of inertia. 

It can be shown that when the flexural aileron product of inertia is zero, 
and when in addition the flexural centre, the principal centre of inertia, and the 
centre of independence are coincident, then the complete motion is very nearly 
compounded of the separate flexural motion of the wing, and of the special type 
of motion which would result if the foregoing common centre were fixed. Under 
this last condition flexure would be absent, and the motion would be of a so-called 
torsional aileron’? type, the torsional movements being about the centre of 
independence. The stability of the complete motion now clearly devolves upon 
the stability of this torsional aileron motion. 

20. The Stability of the Torsional Aileron Motion.—The full discussion of 
torsional aileron motion even by the graphical method is complicated. However, 
an indication can here be given of the significance of the final conditions found 
for stability. 


] 


13 A very flexible aileron would clearly be liable to flutter on its own account in flexure and 


torsion. 
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For flutter prevention it is very desirable for the aileron to be heavily damped. 
{f it is not well damped, the test conic for Mutter will no longer be an ellipse, but 
a hyperbola with a branch in the positive quadrant. Intersections of some stiff- 
ness lines with the conic would then necessarily occur, and very low critical 
speeds would be possible. 

Figs. 5 and 6 are test diagrams for a square-tipped wing of aspect ratio 
3:1, encastré at the root and pivoted at the tip about the centre of independence. 
The aileron span has been taken as 0.40 of the span of the wing, and the aileron 
chord as 0.28 of the wing chord. The diagrams illustrate the critical influence 
of the aileron mass distribution on the stabilitv.§ In both figures the abscissa 
of Z is the direct aileron wind stiffness coeflicient, which is a measure of the 


degree of aerodynamical underbalance of the aileron. The aileron hinge axis 


h Stiffness Line for Stiffness Ratio oT? 
Free Aj) 50:4 
04 Weron. : - 2 
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Coefficient. a 
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Total Aileron Stiffness Coefficient 
Fic. 5. 
Test DiAGRAM for the TorsiONAL~ AILERON MOTION . 


Moment of Inertia Coefficient I fed at 0000/9. 
Producé P varied. 


is here to be taken as lying at o.1 aileron chord behind the aileron leading edge, 
and at about 0.25 aileron chord ahead of the position for complete aerodynamical 
balance. The negative ordinate of Z is the direct torsional wind_ stiffness 
coefficient, and therefore represents the degree of aerodynamical overbalance of 
the wing in torsion at the centre of independence. 

In Fig. 5 the inertial coupling between the aileron and torsion (i.e., the 
torsional aileron product of inertia) is varied, and the moment of inertia co- 
efficients are kept unchanged. The product of inertia coefficients appropriate to 
curves Nos. 1, 2 and 3 are 0.00008, 0.00019 and zero, respectively. For an 
aileron of about 6 ft. span, and weighing about 1 Ib. per square foot of plan 
area, these coefficients would correspond to location of the aileron C.G. at about 
0.25 aileron chord behind the aileron hinge axis, to its location on the hinge 
axis, and to its location close to the aileron leading edge, respectively. From 
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the diagram it will be clear that the safest condition is when the C.G. lies ahead 
of the hinge axis. Only a high speed divergence then occurs." 


When the C.G. lies on the hinge axis, the torsional aileron product of 
inertia is approxim: ately equal to the moment of inertia of the aileron. In Fig. 6 
the C.G. is throughout assumed to lie on the hinge axis, but the 


aileron moment 
of inertia coefficient is varied. Curve No. 


11s merely reproduced from Fig. 5, 
and is appropriate to a moment of inertia coe ficient of o.ocorg, the constant 
value assumed for Fig. 5. This coefficient would correspond to a radius of 
gyration of about 0.4 aileron chord for an aileron of 6 ft. span and 1 lip. sit.* 
mass loading. For curve No. 2 the coefficient has been reduced to one half of 


its original value, and flutter is then only possible if the aileron is practically 
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Fie. 6. 
Test DiAGRAM _frthe TorRsjonal-Ay EFRON Motion. 


Arleron C&G. in Hinge Axis 
Moment of Inertia varied 


14 The relevant formule for wind speed are obtained from those for Figs. 3 and 4 by substitu- 
tion of the aileron elastic stiffness for the flexural stiffness. The aileron elastic stiffness is 

measured as the elastic hinge moment per radian aileron angle. 

In both Figs. 5 and 6 the torsional moment of inertia 

(as for Fig. 4). 

Numerical example.-—Wing dimensions, ete., 

0.75 x 10°. 


coefficient of the wing is 0.0041 


as in footnote 12, and torsional wing stiffness. 


(a) C.G. at 0.25 aileron chord behind hinge axis (Curve No. 1 of Ftg. 5). 
Aileron free (Intersection ... .» Ve=270 m.p.h. 
50:1 stiffness ratio (Intersection Q',) ... Ve=3805 m.p.h. 

(b) C.G. on hinge axis (Curve No, 2). 

Aileron free (Intersection Q,) ... = 340 m.p.h. 
50: 1 stiffness ratio (Intersection Q',) ... V.=245 m.p.h. 


(c) C.G. near aileron leading edge (Curve No. 3 ‘and div rergence hyperbola). 
No flutter, but divergence speed of over 680 m.p.h. 


= 
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free from elastic constraint (i.e., stiffness line nearly vertical), Curve No. 3 
corresponds to 0.27 of the original coefficient, and flutter is completely prevented. 

The two diagrams jointly suggest that both location of the C.G. of the 
aileron ahead of the hinge axis, and choice of a small moment of inertia, help 
to eliminate flutter of the type considered. In practice the C.G. could hardly 
be brought far ahead of the hinge without the use of a counterpoise. This would 
not only add unnecessarily to the moment of inertia, but would also tend to 
increase the inertial coupling between the aileron and flexure, which coupling 
should preferably be absent. The condition which meets the theoretical require- 
ments best is that where the C.G, is slightly ahead of the hinge and the aileron 
moment of inertia is as small as possible. 

It will be noted that in both diagrams all the test conics drawn have two 
common intersections M and N. As a matter of fact, every possible test conic 
obtainable by a variation of the mass distribution would necessarily pass through 
the same two points.'® Thus, unless Z happened to lie beyond N (as in the 
diagrams) some stiffness lines would necessarily cut all the test conics and flutter 
would occur, irrespective of the mass distribution. Since the abscissa of Z 
measures the degree of aerodynamical underbalance of the aileron, a close ap- 
proach to complete aerodynamical balance (Z on OY) would undoubtedly favour 
the development of flutter. 

21. Summary of the Theoretical Conditions for the Prevention of Flutter. 

(a) For Wing with Irreversibly Controlled Aileron.—The flexural centre, 
the principal centre of inertia, and the centre of independence should 
be approximately coincident. 

(b) For Wing with Aileron Operated in the Conventional Manner.—In 
addition to the conditions under (a) the aileron should be heavily 
damped and definitely underbalanced aerodynamically, its C.G. 
should lie slightly ahead of the hinge axis, and its moment of 
inertia should be as small as_ possible. 

The practical aspect of these and further recommendations will be discussed 
in Part III. of this paper. 


Part I].—EXPERIMENTAL TESTS OF THE THEORY 
22. Range of the Experimental Work.—The wind tunnel work has covered 
five headings :— 
(a) Preliminary Qualitative Experiments. 
(b) Measurements of the Aerodynamical Characteristics of Flexible 
Wings. 
(c) Comparisons of Observed and Predicted Critical Flutter Speeds. 
(d) Tests of Certain Anti-Flutter Recommendations, 
(e) Tests on Models ef ** Reduced Elasticity.”’ 

The first four groups were carried out at Teddington and serve to test the 
applicability of the theory to elastic wings. The last was conducted at Farn- 
borough, and is a distinct line of investigation intended to decide whether critical 
speeds for actual aeroplanes can be predicted satisfactorily by means of tests 
on scale models. 

A detailed reference to the preliminary experiments (a) will be unnecessary. 
Their main purpose was to provide demonstrations of flutter under controllable 
conditions, and to prepare the ground for a quantitative treatment. The general 
features of the results will be sufficiently exemplified by tests under headings 
(b)—(d). 


15 The position of the points depend solely upon the dampings and the compound wind 
stiffnesses. 
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23. Experiments Group (b): Measurements of Wing Characteristics —The 
test relations for the stability of a wing with moveable aileron contain 27 distinct 
primary parameters; namely, 6 inertial constants, 15 effective wind multipliers 
or aerodynamical ** derivatives,’’? and (when elastic wing damping is included) 
6 elastic constants. Thus, before predictions of the critical speeds for particular 
wings could be attempted, it was necessary first to measure the derivatives. 
Repetition of these measurements for several wing shapes and types of support 


was quite out of the question. A flexible model wing with a thin unsymmetrical 
section was available, and for simplicity it was supported for test as a cantilever. 
Fig. 7 shows the skeleton of the wing. ‘The framework of wooden ribs 
was carried by a single spar, and the wing covering consisted of silk, doped 
with a solution of vaseline in chloroform. This type of construction ensured 
lightness and flexibility. The principal dimensions, in inches, were: 
Distance spar centre from L.E. 2 
Distance aileron hinge axis from aileron L.E. ... sie ONS 


LE | 


3. #5 % 


Fig. 7 


Skeleton of Model Wing of 27in. Span. 


Scale of Inches. 


The broad principles of the measurements were as follows. It was tenta- 
tively assumed that the flexible wing would approximately satisfy the conditions 
of semi-rigidity over the speed range of test. The general equations of small 
motions in three co-ordinates were accordingly adopted, and the relevent aero- 
dynamical coefficients were determined by successive particular applications. The 
simplest particular application is when merely a displacement is given to one 
positional co-ordinate. Only a single multiplier is now involved, namely, a total 
direct stiffness. This can be measured in still air and for a range of wind 
speeds, and the corresponding wind stiffness is readily deduced. By similar 
methods the compound wind stiffnesses can all be measured. Next in the order 
of simplicity is the case where oscillatory motion in a single co-ordinate is allowed. 
Normally, such oscillations are damped, and observations of the frequency and 
the logarithmic decrement in still air and in winds, suffice to determine the 
corresponding direct dampings. Finally, for the measurement of the compound 
dampings, motion in two degrees of freedom must be allowed. The normal 
procedure is to enforce a simple harmonic motion on one co-ordinate, and to 
observe the amplitude relations and the phase relations connecting this forcing 
motion and the forced motion in the othér co-ordinate. It may be noted that all 


4 
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the coefficients required can be found without the use of motions involving three 
co-ordinates simultaneously, 

Photographic records of the motions were usually taken, This required 
the use of the somewhat elaborate recording apparatus shown in Kig. 8. The 
main items consisted of a large camera box, which contained the rotating drum 


for the highly sensitised paper. An electric shutter ensured that an exposure 
lasted for exactly one complete revolution of the drum. Four beams of light 


derived from a single ** pointolite ’’ lamp were used; three of these recorded the 


Fig. 8; 


Recording Apparatus for Derivative Measurements. 


motions, whilst the fourth was intermittent and served as a time scale." The 
reference section selected was the wing tip, and for experimental convenience 
the normal displacements of two definite points on the outer wing rib and of a 
definite point of the aileron were temporarily adopted as the three positional 
co-ordinates.'* For the photographs, each of these points was connected to a 
fine ** recording wire,’’ which passed outside the tunnel and actuated a corre- 
sponding optical lever on the camera bench. With these wires in use it was 
possible to supply additional inertia and stiffness to the wing when required. 
The numerical results need not be stated, but some remarks are desirable 
on the accuracy and the consistency of the measurements. The accuracy varied 
considerably with the type of the measurement, and was certainly at its lowest 
16 By means of an electrically maintained tuning fork 50 interruptions per second were obtained. 
17 The true flexural and torsional displacements of the wing, and the angular movements of 
the aileron, could readily be deduced. 
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for the compound dampings. Each derivative was determined at a number of 
wind speeds, and a mean derivative coefficient was deduced either by plotting or 
by calculation. With the six wind stiffnesses, the mean and the extreme calculated ; 
coefficients differed by less than 5 per cent.—-with one exception, where the , 
divergence was very slightly greater. 
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With the direct dampings the variations amongst the results were more th 
pronounced. Ultimately they were traced to the influence of frequency. The 2 
direct aileron damping was measured at a “ moderate ’’ frequency of about three 18 
cycles per second, and at a “ high ”’ frequency of about 10 cycles per second. ~ 
The derivative corresponding to the higher frequency was found to exceed the 
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value appropriate to the lower frequency by an almost constant amount. Con- 
firmatory evidence of a genuine aerodynamical frequency effect was obtained by 
measurements of the damping of a rigid aerofoil,!® for pitching oscillations 
about an axis in the aerofoil close to the leading edge. The damping was found 
to increase consistently with the frequency, as shown in Fig. 09. 

With the corresponding direct torsional damping for the flexible wing, there 
was the further complication of possible variations of the elastic damping with 
frequency. However, the total frequency effect on the derivative was not very 
marked for rates less than to cycles per second, so that an average damping 
coefiicient could be adopted which gave fairly good over-all agreement with all 
the measurements at moderate frequency. 

The time required for a determination of the compound damping: derivatives 
at several frequencies would have been quite excessive. It was therefore decided 
to adopt for all measurements a standard moderate frequency of three cycles per 
second, and to base the calculations of critical speeds on data consistent with this 
standard rate. This procedure led to good agreement with observation, even 
when the flutter frequency was as high as ro cycles per second. 


Fig. 10. 


Skeleton of Wing of 9 fl. Span. 


24. MKaperiments Group (c): Comparisons of Observed and Predicted Critical 
Speeds.—In the derivatives measurements, most of the inertia was supplied 
externally by attachment of masses to the ‘‘ recording wires ’’; this, for instance, 
improved the accuracy in the measurements of the dampings. Variations from 
the conditions of the measurements could, therefore, be made by removal of 
some, or all, of the external masses; or, alternatively, by further additions. 
Seven flutter tests on the small model were carried out on this basis. In six 
the motion was restricted by fixture of one or other of the co-ordinates ; whilst 
in the final and most drastic test, the wing and the aileron were left entirely free. 
For the predictions of the critical speeds, preliminary measurements of all the 
appropriate inertial and elastic constants were necessary. The results of the 
tests are summarised in Table II. 

A detailed description of the tests will be unnecessary. Experiments A—D 
covered an 11:1 variation of the torsional moment of inertia, and a 4:1 variation 
of the aileron moment of inertia. In experiment D the wing developed an 
indefinite flutter at a very low wind speed, but recovered its stability at 17 ft./sec. 
Theory indicated that, at yet higher speeds, a recurrence of flutter in the original 
mode was impossible.'* This was experimentally verified. The wing remained 
stable up to 65 ft./sec., and then fluttered in a radically different mode, in which 
the entire wing tip was stationary, but large movements occurred at mid-span. 
18 Shape specified as Section *‘ A’? in Table I. of R. & M. 681. 

19 The test illustrates a condition where both intersections of a stiffness line with a test-conic 
correspond to flutter. Clearly, not more than two such intersections can occur. 
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Although the results, on the whole, seemed satisfactory, it was decided to 
obtain further evidence by tests on a much larger wing. The new wing was 
geometrically similar (as regards plan form) to the small model, and was also 
supported asa cantilever; but it was of g ft. span and had a R.A.F. 15 section. 
Moreover, whereas the original model had only a single spar, the construction 
of the large wing was more conventional, as will be seen from Fig. 10. 

In the calculations of the critical speeds, the aerodynamical coetlicients used 
were those measured on the small model. Thus, in view of the differences of 
size and construction between the two wings, ample opportunities were afforded 
for aerodynamical scale effect and changes in the mode of motion to assert 
themselves, 


TABLE H. 


OBSERVED AND PREDICTED CRITICAL SPEEDS FOR A WING OF 
27 IN. SPAN. 


Expt. Critical Speed (ft./secs.). Critical Frequency (cycles per sec). 
No. Type of Motion. Observed. Calculated. Observed. Calculated, 
A 20.8 23.8 L152 i 
B 29.8 30.0 9.5 9.0 

Torsion and aileron. 
C+ (Wing tip pinned 22:5 — 9.2 
at point close to 
L.E.) 4.6* 8.5 — 3.0 
D (Lower critical) 
17.0 16.6 2.9 3.1 


(Upper critical) 


E Flexure and aileron. 
(Torsion fixed by 
parallel link) 11 12 2.4 3-4 
F Wing free, but 
aileron clamped 55-0 55-0 10—11 10 
(estimated) 
G Wing and aileron 
free 9.2 11.0 3—-4 4.8 
(estimated) 
* This lower critical speed was very indefinite. 


. Fig. 11 shows the large wing as mounted for test in the duplex wind tunnel. 
rhe two cords seen in the foreground were gripped to the wing tip and passed 


to a hand winch outside the tunnel. They were quite slack during the actual 
measurement of the critical speeds, but were tightened to control the amplitude 
when the flutter tended to become violent. The protective guard wires used 


behind the wing in tests at high speeds are also shown. 

Critical speeds were observed and predicted for four conditions of the wing. 
The results are given in Table III. 

The greatest error is shown in experiment K and amounts to iy per cent. 
of the observed speed. The agreement in this case is not very good, but the 
critical flutter speed is here, as often, extremely sensitive to small variations cf 
some of the constants. A relevant illustration is provided by Fig. 12, where the 
test function for flutter under the conditions of experiment K is shown plotted 
on a base of wind speed. Curve No. 1 is appropriate to the data as actually 
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measured, and leads to a critical speed of 56.8 {t./sec., as listed in Table III. 
Had the elastic damping?” of the wing been neglected (curve No. 2), the predicted 


critical speed would have been 10 ft./sec. 


Fig. 11. 
Wing of 9 ft. Span Mounted for Test in Duplex Tunnel. 


TABLE, Tt. 
OBSERVED AND PREDICTED CRITICAL SPEEDS FOR A WING OF 
9 FT. SPAN. 


Critical Speed ({t./sec.) 


Expt 
No Type of Motion. Observed Calculated, 
H Torsion and aileron. (Wing tip pinned 

] Torsion and aileron, (Wing tip pinned 

at 2/3 chord behind L.E.) ... None below None below 

divergence divergence 

J Wing free and aileron clamped ... 64.9 
K Wing free and aileron” spring con- 


strained 48.5 56.8 
With predictions of the types G and K, the basic data consists of 26 
independent quantities, all subject to errors of measurement. Despite the possi- 
bility of such errors in the data, slide rule accuracy is quite insufficient in the 
calculation of the critical speeds. Actually, six significant figures should be 
retained throughout, if results are to be consistent with any set of initial data. 
The need for high numerical accuracy arises, because the test expression for 
flutter, if written at length, would consist of several hundreds of differences of 
terms, many of the terms being of comparable magnitudes. 
20 At 57.8 ft./sec. the flexural elastic damping was 2 per cent. of the flexural wind damping, 
and the torsional elastic damping was 10 per cent. of the torsional wind damping. 


| 
O 
—— 


430 R. A. FRAZER 


When due recognition is given to the many difficulties which oppose really 
reliable predictions of critical speeds, the results of the eleven tests made may 
certainly be viewed as sufficiently good to justify the application of the theory 
to the practical problem of flutter prevention. On the other hand, in the writer’s 
opinion, there is very little hope of successful routine calculations of the critical 
speeds of full-scale aeroplanes. The data would necessarily be so uncertain that 
the results might be completely unreliable and very misleading. 
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25. Experiments Group (d): Tests of Certain Anti-Flutter Recommenda- 
tions.—Special wind tunnel experiments were carried out to test the efficacy of 
the design recommendations affecting the mass distributions of the wing and of 
the aileron and the location of the flexural centre. The three cantilever wings 
used were very flexible, so that ample opportunity was offered for instabilities 
to assert themselves within the speed range of test. Table IV. gives the essential 
particulars of the wings. 

The mass of each wing was so distributed that, in still air, a purely flexural 
oscillation resulted when a normal displacement of the flexural centre was 
released. Thus, the principal centre of inertia was coincident with the flexural 
centre. In some experiments, however, variations from this standard condition 
were made by the attachment of additional masses to the wing tip. 
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TABLE IV. 


WINGS 


PARTICULARS OF WINGS FOR THE ANTI-FLUTTER TESTS. 


Wing No. 1. 


Wing span 4ft. 6in. 


» chord 1ft. 6in. 
Aileron span 2ft. o.751n. 

Aileron hinge axis 

(aileron chords behind 

aileron L.E.) ay 0.2 
Spar centres from wing 

axe 1.51n., 9.5in. 
Flexural centre (wing 

chords behind L.E.)... 0.271 
Centre of independence 

(wing chords behind 

Wing section... 15 


Covering Silk doped with 


vaseline 


* Assumed from measurements on model of 27in. 


Fig. 13 shows the skeleton of wing No. 1. 


Wing No. 2. 


4ft. 6in. 

ift. 6in. 

2ft. 0.751n. 
5in. 


0.2 


2.5in., 10.5in. 


0. 306* 
R.A.F. 30 
(reduced to half 
thickness) 
Silk doped with 
vaseline 


span. 


Wing No. 


w 


oft. 
Bits 


4ft. 1.5in. 
10in. 
0.25 


221n. 


Linen doped 
with cellulose 


The flexural centre in this case 


lay forward of the estimated position of the centre of independence and aft of 


the ‘‘ quarter chord ’’ position. 


PIG... 
Skeleton of Wing No. 1 for Anti-Flutter Test. 


Theoretically, with the aileron clamped, either 
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flutter or divergence was possible at a ‘‘ high ’’ tunnel speed, according to the 
stiffness ratio. With the stiffnesses as measured for the wing, the first instability 
was expected to be flutter. On the other hand, with wings Nos. 2 and 3, the 
flexural centre lay aft of the centre of independence, so that—for the clamped 
aileron condition—a divergence only would theoretically have been expected. 

Each aileron was loaded at its leading edge until the C.G. lay upon the hinge 
axis. This procedure reduces the inertial coupling between flexure and_ the 
aileron very considerabiy, but it does not neutralise it completely—as will be 
seen from the results for wing No. 2. 

Results of Tests on Wing No. 1.—When the angle of incidence at the root 
of the wing was very small, the results were as given in Table V. 


TABLE V. 


CRITICAL SPEEDS FOR WING No. 1 AT A SMALL (POSITIVE) 
INCIDENCE. 


Incidence at Root Position of Principal Critical 

Ivpe of Test of Wing (deg Centre ot Inertia Speed (ft./secs 

Aileron clamped 5 +I At flexural centre ; 69 

Aileron free = oO Aft of flexural centre 56 

At flexural centre .. 66 

Forward of flexural centre* 7I 
The exact positions cannot be given, because the wing was completely wrecked in s 

before the necessary measurements could be made, 


During the experiments it was noticed that the aerodynamical load twisted 
the wing to negative incidences at the tip. Subsequent tests showed that, with 
this particular wing, the influence of negative incidences was to produce a marked 
reduction of the critical speed, as will be seen from Table VI. The speed at 
which the spars broke was only slightly below the estimated divergence speed of 
the wing for the free aileron condition, 


TABLE VI. 
INFLUENCE OF INCIDENCE ON THE CRITICAL SPEED OF WING 
No. 1 (PRINCIPAL CENTRE OF INERTIA AT FLEXURAL CENTRE AND 
AILERON FREE). 


Incidence at Root Critical Speed 
(deg.). (ft. /sec.). 

20 

30 

—2 54 
6b 
2.25 70 

2k . ... Spars broke at 72 ft./sec. under 


7 
the lift, without flutter. 


The lowness of the critical speeds at negative incidences was traced to the 
fact that at these incidences the wing had actually become negatively damped in 
torsion. Evidence relevant to this question was obtained by tests of a R.A.F. 15 
metal aerofoil of 6 in. chord, which was mounted so as to execute merely pitching 
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oscillations about an axis close to the leading edge. Within certain ranges of 
negative incidence, which extended down to —8°, but varied with the speed, the 
aerofoil was found to “ flutter,’’ due to negative damping in pitch. Since the 
flutter disappeared altogether at high speeds, it was surmised that the analogous 
torsional instability of the flexible wing would also have been absent, or at least 
less marked, for sufficiently high values of Reynolds’ number (V1/v). This conclu- 
sion is supported by the fact that wing No. 3, which was of R.A.F. 15 section, 
but of 9 ft. span, was definitely stable in pure torsional motion. As regards 
symmetrical sections, no pitching instability at all was observed with a Gottingen 
No. 429 aerofoil of 4 in. chord; nor did wing No. 2 (R.A.F. 30 reduced) flutter 
in pure torsion, 
TABLE VII. 
CRITICAL SPEEDS FOR WING No. 2 AT ZERO INCIDENCE 
(PRINCIPAL CENTRE OF INERTIA AT FLEXURAL CENTRE). 
Distance C.G. 


Aileron ahead of Hinge 
Axis (as per cent. distanoe 


Type of Test. hinge axis from aileron L.E.). Observed Instabilities 
Aileron clamped ... —— No flutter, but divergence at 
60 ft./sec. 
Aileron free sare ra) Mild flutter in range 18—26 
ft./sec. 
4 No flutter. 
18 No flutter. 
Results of Tests on Wing No, 2.—This wing was tested only at zero 


ancidence; the results are stated in Table VII. 

In the last two experiments the C.G. of the aileron was brought ahead of 
the hinge axis by the insertion of lead strips into the leading edge of the aileron. 
The mass distribution for the fourth test was such that when a pure flexural 
oscillation was impressed on the wing in still air, no relative movement occurred 
between the wing and the free aileron at the wing tip. This condition indicates 
that the inertial coupling between flexure and the aileron has been completely 
eliminated?! (zero flexural aileron product of inertia). 

Results of Tests on Wing No. 3.—This wing was tested only at the ‘‘ ne 
lift’? angle. With the principal centre of inertia at the flexural centre and the 
aileron clamped, the wing was stable up to 85 ft./sec.; but with the aileron free, 
flutter began at 64 ft./sec. In both cases, however, the divergence speed was 
believed to have been very closely approachd. 

When the principal centre of inertia was withdrawn aft of the flexural 
centre, flutter occurred for both conditions of the aileron, and at a reduced 
critical speed. 

General Conclusions from the Anti-Flutter Tests.—The results, as a whole, 
accord satisfactorily with the qualitative deductions from the theory regarding 
ihe influence of various couplings on the stabilitv. The evidence of the tests is 
that when an inertial coupling has been almost completely eliminated, small posi- 
tive or negative variations of its value do not affect the stability acutely. Exact 
21 Tt is important to note that the moments and the products of inertia of a wing-aileron system 

would be different, according as they were measured in vacuo or in still air. The values 
in wacuo would agree with the constants as calculated from the masses of the wing or the 
aileron; whereas the values in still air would include a “ virtual ’? inertial constant, repre- 


senting the influence of the air masses disturbed. These “* virtual ’? inertias may sometimes 
become quite significant, and in flutter theory they should always be included as part of the 
inertial constants. For this reason, experimentally determined inertias are preferable to 


calculated values. 
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coincidence of the flexural centre with the centre of independence does not appear 
to be essential for a large speed range for stability—although, as previously 
pointed out, location of the flexural centre aft of the stated position necessarily 
results in a reduced divergence speed. 

The tests were by no means exhaustive, but they were relatively drastic, 
since divergence speeds were closely approached and, in some instances, realised. 
In practice a wing would never be so flexible that it could lose its effective 
stiffness within the actual range of flying speeds. 

26. Larperiments Group (e): Tests of Models of Reduced Elasticity.—The 
purpose of wind tunnel tests on models of reduced elasticity is to effect experi- 
mental predictions of the flutter characteristics of full-scale aeroplanes. The 
method, which is due to Mr. R. McKinnon Wood, is based upon an application 
of dimensional theory. 


A model wing may be said to be completely similar to a full-sized wing 
when (1) all corresponding parts of the two wing structures are geometrically 
similar; (2) the densities of the material at all corresponding points are propor- 
tional; (3) the measures of elasticity at all corresponding points are proportional. 
The oscillations of the wings are assumed to depend solely upon the quantities** 


listed in Table VIII. 


TABLE VIII. 
FACTORS INFLUENCING THE OSCILLATIONS OF A MODEL WING 


Symbol. Significance. Physical Dimensions, 
l Typical linear dimension EL 
v Kinematic viscosity of the air ‘Bik Nie 
p Air density ML-= 
Density of structural material 
E Typical elastic modulus 


The usual arguments of dimensional theory then show that the rate of growth 
of oscillation at the speed Vo may be expressed symbolically as follows : 
al /V=F [(p/o), : (1) 
When p and o are the same for the two wings, and when the aerodynamical 
coefficients are uninfluenced by changes of Reynolds’ number, the relation (1) 
states that wl V is variable merely with FE py. 


A particular case is when j vanishes. The oscillations then neither grow 
nor decay, so that Vs must be a critical flutter speed. It follows that the critical 
speeds** for the wings are connected by the relation 

V./VJ= (E/E) . (2) 


where accented symbols refer, for instance, to full scale and unaccented symbols 
to the model. 


The argument can readily be extended to show that the frequencies of 
oscillation at the critical flutter speeds will be related as follows :— 


The formula (2) shows that if the model were a strict copy of the full-scale 
wing and were also constructed of the same material, then the critical speeds 


for both wings would be equal. The more useful application, however, is when 


the ratio E/E’ is selected so as to bring the critical speed V, within the speed 


22 Elastic wing damping is ignored. 
The divergence speeds are similarly connected. 


23 
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range of a normal wind tunnel. In this case, exact similarity must be sacrificed, 
but clearly some latitude is allowable. Geometrical similarity as regards the 
external form must, of course, be preserved; but the distribution of mass and of 
elasticity for the model can still be made to correspond effectively with full scale, 
without strict reproduction of the internal structurai design. A single illustra- 
tion will suffice to make this point clear. The model spars might be relatively 
less deep than the full-scale spars, but still have the correct effective distribution 
of mass and the correct relative stiffness. 


Wind tunnel experiments on these lines have been carried out at the Royal 


Aireraft Establishment. The model used reproduced to one-third scale the port 
wing structure of a particular biplane whose full-scale flutter characteristics were 
known. The ratio ¥ E/E! was chosen to be 1:3, so that in view of the formule 


{2) and (3), the critical speeds for the model and for full-scale were also as 1: 3, 
whereas the critical frequencies were equal. 

Tests were made under a number of conditions, and for that condition which 
most closely corresponded to full-scale, the critical speed and the frequency for 
the model were found to be in good agreement with the available results for 
full-scale. Thus a convincing demonstration has been provided of the practical 
utility of the method. 


Part II].—THE DESIGN RECOMMENDATIONS 

27. The General Scope of the Theory.—Before the design recommendations 
are stated, it will be useful to review briefly the limitations to the theory on 
which they are based. 

The theory is essentially restricted to small? motions; and it has hitherto 
been developed on the assumption that these motions are wholly normal to a 
wing, and can be decribed in terms of three co-ordinates, namely, flexure, torsion 
and aileron angle. The limitation should, in general, be adequate for monoplane 
wings, and the theoretical deductions regarding the avoidance of instabilities 
are then directly applicable. In the case of biplane combinations, for which the 
theory is complicated and still very incomplete, the number of necessary co- 
ordinates,*” and consequently the number of couplings, will generally be increased. 
The influence of such additional factors on the stability is still under investiga- 
tion, but in the absence of definite knowledge the rational procedure is to apply 
the measures suggested to the separate wings of the combination. An improve- 
ment of the stability of the separate wings is almost certain to improve the 
stability of the combination, although of course the best possible improvement 
may not be attainable on this basis. 

28. Basis of Application to Monoplane Wings.—Even with monoplane wings, 
the recommendations require careful interpretation, since strictly the theory only 
claims to give an account of the small motions of a semi-rigid wing (i.e., a 
mechanism whose laws of distortion are definite). The pitfalls can be made 
clear by a special example. As explained in Part I., flutter of a semi-rigid wing 
with locked aileron will be prevented when certain centres in the wing are made 
coincident. The positions of these centres are such that particular couplings 
vanish, but these couplings are not independent of the laws of distortion of the 
wing. In the application to an elastic cantilever wing, for instance, the ‘‘ laws ”’ 
of bending of the two spars during flutter should, strictly, be known beforehand ; 
and they should then be imagined permanently impressed on the spars. Now 
there is evidence that, normally, flutter will first occur in a mode not widely 


24 4.e., to motions such that the forces acting are merely multiples of acceleration, velocity, or 
displacement. 

25 For instance, yawing displacements of one wing may result from normal displacements of 
the other. 
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different from the mode of the predominant free oscillations in still air, In this 


case, a measurement of the positions of the flexural centre and of the principal 
centre of inertia by oscillation experiments with the free wing in still air is 


justified. This procedure, however, would not be defensible if flutter were antici- 
pated in a mode resembling, for instance, the first harmonic in still air. A 


flexural node would then be present at, say, 0.7 span; and in the experimental 
determination of the appropriate centres this node would somehow have to be 
reproduced. Thus, oscillation experiments with the wing staved at 0.7 span 
would now be preferable to experiments with the wing merely supported as a 
cantilever. 

The foregoing remarks are merely cautionary, and will sufficiently indicate 
the general sense in which the theory should be applied to conventional wings. 
Once the conditions for stability can be interpreted precisely in this way, therc 
is littke danger in the use of such approximations as are implicit in the actual 


design recommendations. These approximations consist virtually of a substitu- 
tion of static experiments, for the oscillation experiments in_ still air. lor 
imstance, it is assumed that a determination of the flexural centre by the applica- 


tion of static loads to the reference section, is permissible; and that the principal 
centre of inertia will be close to the transverse axis about which the wing is 
mass balanced. This second assumption might be inadequate if the masses 
were very unevenly distributed along the span, but a test of the relative positions 


of the two centres in question should be possible on the lines suggested in $11. 


29. General Arrangement of the recommendations.—It is believed that at 
the present day the most urgent need is a suppression of such types of flutter as 
involve the ailerons. The recommendations have. accordingly been arranged in 


two groups, the first of which refers to the aileron and the second to the wing as 
a whole. 


The extent to which individual measures should be adopted must be guided 
by the type of aeroplane. Obviously no general rules can be given, but a mono- 
plane would probably require a more conscientious treatment than would, for 
instance, a biplane with short overhangs. It is however, strongly urged that a 
recommendation should always be met, unless it is otherwise definitely 
objectionable. 


30. List of Design Recommendations 


Group I.—Recommendations Relative to Ailerons. 

(a) Irreversibility of aileron control.?7 
Failing (a).— 

(b) Centre of gravity of aileron slightly ahead of hinge. 

(c) Moment of inertia of the aileron small. 

(7) An appreciable part, preferably rather more than one-half, of the 
aileron should lie inboard of the centre line of attachments of the 
outermost external wing bracing. 

(e) Aileron heavily damped, e.q., artificially. 

(f) Aileron definitely underbalanced aerodynamically. 


Group I].—Recommendations Relative to Wing Structures (with Special 
Reference to Overhangs). 


(7) Balance of masses of each overhang (including corresponding por- 
tion of aileron) about transverse axis through flexural centre. 

(i) Flexural centre close to centre of independence. 

()) All elastic stifinesses as large as possible. 


26 List of recommendations reproduced almost verbatim from R. & M. 1155. 
27 This recommendation is due to Mr. R. V. Southwell, F.R.S. 
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The present paper will be concluded with some explanatory remarks on 
these recommendations. Each item will be dealt with under its separate heading. 

31. (a) Irreversibility of Aileron Control.—The control will be irreversible in 
the sense of recommendation (a) if, when the ailerons are set at any desired angle, 
they remain definitely locked to the wing at that angle, until again purposely 
moved by the pilot. A lock which could be thrown into operation at flying speeds 
likely to produce flutter, or be used in the emergency of flutter, might appeal as 
a compromise, ii the objections to permanent irreversibility were really serious. 
It cannot be too strongly emphasised that irreversibility of the control is by far 
the safest precaution against aileron flutter, and that the only recognised alterna- 
tive is to design the aileron to conform with a number of somewhat awkward 
restrictions, 

gr. (b) C.G. of Aileron Slightly Ahead of Hinge.—Strictly it is the flexural 
aileron product of inertia appropriate to oscillations in the flutter mode which 
should be made to vanish. If the mass of the aileron is distributed fairly 
uniformly along the span, location of the aileron C.G, slightly ahead of the 
hinge axis should, in general, be sufficient. However, the more satisfactory 
procedure would be to effect a final adjustment of the mass by an experimental! 
test on a specimen aileron. The technique of this test would, of course, need 
careful development, but the aileron might, for instance, be allowed to swing 
vertically on frictionless pivots Iving on the actual hinge axis and under a weak 
spring control. The effect of a flexural wing oscillation could roughly be 
simulated by forcing simple harmonic oscillations on the pivots. The inertial 
coupling will be zero, as required, if the aileron does not oscillate about the 
pivots when the latter are forced. If an inter-aileron strut is to be used, one 
half of its mass should be viewed as concentrated at the point of attachment. 

31. (c) Aileron Moment of Inertia Small.—Unfortunately, the safe upper 
limit to the moment of inertia is only definable in terms of a number of the aero- 
dynamical derivatives. Since the values of these derivatives for any particular 
wing and aileron would be quite unknown, an explicit statement of the formula 
for the limit would in no sense assist a designer. 

The numerical value of the limit, for any particular aeroplane, would un- 
doubtedly be low. Since, if possible, it should not be exceeded, the soundest 
working rule is to reduce the moment of inertia to that minimum which is con- 
sistent with maintenance of the strength and stiffness of the aileron. It should 
be remembered that all parts of the control system which move with the ailerons 
contribute effectively to the moment of inertia. 

31. (d) Appreciable Part of Aileron Inboard of Outermost Bracing.—This 
recommendation is based on the fact that, if a wing were rigidly pinned at mid- 
span of the aileron, all the aileron couplings would be exceedingly small. Under 
these hypothetical conditions, flutter involving the aileron would almost certainly 
not occur. Actually, the constraints imposed by external stays are not so stiff 
that, when the wing oscillates, an absolute node is produced in the section ot 
the points of attachment. There is, however, some evidence that the influence 
of the stays will usually be to produce approximately nodal conditions in a 
section somewhat inboard of the attachments. The recommendation,?’ as 
worded, is intended to make allowance for some movements of the points of 
support. However, since in particular instances the movements may be larger 
than is anticipated, observance of the present recommendation only is not advised 
if others can be met as well. 

31. (e) Adleron Heavily Damped.—The motion which should be heavily 
damped is the angular movement of the aileron relative to the wing. If an 
artificial damping device is used, it should depend for its action on fluid friction 
and not on solid friction. The influence of solid friction is to postpone flutter 


#8 Some experiments on the model of 27in. span confirm the advantages ot staying as suggested. 
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to speeds above the true critical, and then to release the instability when it is 
established and violent. The influence of genuine damping is to raise the true 
critical speed. 

31. (f) Aileron Definitely Underbalanced Aerodynamically.—The principal 
objections to a close approach of the hinge to the position for complete aero- 
dynamical balance have already been illustrated in §20. A further objection is 
that the aileron damping is likely to reduce as the hinge axis is taken aft. Such 
few flutter tests as have been carried out with a variable hinge position confirm 
the disadvantage of a nearly aerodynamically balanced aileron. With an aileron 
of aspect ratio 5:1, a hinge placed at about o.2 aileron chord behind the aileron 
leading edge was found satisfactory—the position for complete balance being in 
this case at about 0.35 aileron chord. 

31. (y) Mass Balance of Overhungs.—As already explained in £28, the strict 
condition in the case of a monoplane wing is that the principal centre of inertia 
of the complete wing shall coincide with the flexural centre, when the wing 1s 
oscillating in the flutter mode. <A balanced distribution of the masses in each 
section of merely the overhang, about a transverse axis through the flexural 
centre, is suggested as a rough approximation. If an exact elimination of the 
product of inertia were in view, simple harmonic oscillations would have to be 
impressed on the flexural centre of a specimen wing, and the masses adjusted 
evenly along the span until a pure flexural oscillation was produced (c.p. §31 (b) ). 
In such a test the aileron would be locked to the wing at the point of the control, 
and the supports for the wing would be appropriate to the type of the machine. 

The simplest procedure for biplanes is merely to mass balance the separate 
overhangs, the flexural centre of each being determined with the bay fixed. 
Alternatively, the products of inertia could be completely eliminated by oscilla- 
tion tests, the bay again being fixed. A more elaborate, and possibly fairer, 
treatment would be to include some allowance for the flexibility of the interplane 
bracing, the masses of struts being evenly divided between the two wings. It 
is, however, believed that great refinement in regard to mass balance of the 
wings is unnecessary on biplanes at the present day. Some tolerance in the 
position of the principal centre of inertia is, in any case, allowable; but it should! 
be forward, rather than aft, of the flexural centre. 

gi. (i) Flexural Centre Close to Centre of Independence.—The centre of 
independence is the point of the reference section about which there is no aero- 
dynamical twisting moment due to flexural velocity of the wing. The exact 
position along the chord is likely to depend upon the section and the plan form 
of the wing, and particularly upon the shape of the wing tip. For a square- 
tipped wing of aspect ratio 3:1 and thin section, the centre at the wing tip has 
been found to lie at about 0.3 chord. 

The indications both from experiment and from theory are that the recom- 
mendation does not require very conscientious interpretation with present day 
aeroplanes. Its importance may become more apparent in the future, and 
systematic wind tunnel measurements would then be necessary. 

31. All: Elastic Stiffnesses Large.—The discussion in connection with 
models of reduced elasticity shows that the critical speed for flutter would always 
be raised by a proportional increase of all the stiffnesses, other factors being 
supposed unchanged. Thus, in cases where there is a choice between two equally 
strong wing structures, the choice should be in favour of the one with the greater 
torsional and flexural stiffmesses. Incidentally, an increase of merely a single 
stiffness would not necessarily improve the stability, as will be obvious from an 
inspection of the test diagrams (cp., example (b), footnote 14). 

32. Conclusion.—It may be well to conclude with a definite warning that 
even a conscientious observance of every design recommendation would not 
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provide absolute insurance against flutter. In the first place, certain of the 
recommendations, as they stand, are mere rough working rules substituted for 
more precise conditions; and secondly, the conditions themselves have been 
deduced from a theory which only meets true facts approximately. For instance, 
modes of motion may vary more rapidly than is suspected, and unrecognised, or 
neglected factors may have some particular influence for full-scale. 

Altogether apart from uncertainties of this nature, there is the possibility 
that measures specifically designed to prevent flutter for rectilinear flight at small 
positive angles of incidence, may occasionally fail in manoeuvres involving nega- 
tive, or large positive, angles of incidence. For instance, both the flexural 
damping of the wing and the damping of the aileron are likely to diminish con- 
siderably when stalling incidence is approached; and the direct torsional damping 
may reduce to some extent at small negative angles in the case of thin unsym- 
metrical wing sections. Other derivatives will, of course, be influenced 
under like circumstances, and the effects on the stability will no doubt to some 
extent compensate. But there is experimental evidence that the critical flutter 
speed reduces appreciably at abnormal incidences. 

Since the choice of promising remedies against wing flutter seems to be 
very small, it is urged that the objections to an irreversible aileron control should 
be given a particularly careful review. The advantage claimed for the measure 
is that it singly disposes of the worst of the difficulties, without the possibility 
of failure. 
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DISCUSSION 


Professor Bairstow: He had been familiar with the work described in the 
paper from its inception and on a previous occasion had expressed his great 
appreciation of it. The same remarks applied to what had been done at the 
R.A.E. on a model aeroplane, leading to the film of flutter which had been shown. 
So far as to-day’s paper was concerned, he must congratulate Mr. Frazer 
upon the manner in which he had illustrated a very difficult mathematical subject ; 
perhaps the simplest way of starting the discussion would be to give a short 
history of the way in which this theoretical and practical investigation of flutter 
had been developed. In many ways it was typical of the relations between the 
aircraft industry, the Air Ministry and the Aeronautical Research Committee, 
and revealed an organisation which in this case had achieved results remarkably 
quickly. The beginning of this class of inquiry was usually due to some discovery 
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in the air, since the aeroplane was still far too complicated a structure for us to 
foresee from first principles all that might happen to it in the course of flying 
and particularly during diving at high speeds. Certain accidents occurred and 
the first body to be drawn in by the Air Ministry was the Accidents Investigation 
Committee. It was not an easy matter even in the beginning to say that the 
cause of a particular disaster was flutter. The parts of an aeroplane may 
be very widely scattered and badly broken on impact. It required a great deal 
of skill on the part of the Inspector of Accidents to piece the material together 
before it was possible to make even a guess at initial causes. After the conclusion 
had been reached that none of the ordinary static failures could account for what 
had been observed the matter was referred to the Accidents Investigation Com- 
mittee. The impression was reached that the wings were fluttering and _ that 
the flutter was partly up and down movement of the wings and partly angular 
movement of the ailerons. Having reached that conclusion, the matter was 
referred to the Main Committee of the Aeronautical Research Committee for a 
special investigation into flutter. That committee was very fortunate in having 
at its disposal places like the National Physical Laboratory and, through the 
courtesy of the Director of Scientific Research, certain facilities at the Royal 


Aireraft Establishment. A small sub-committee was formed and decided at an 
early stage of the proceedings to carry out two lines of investigation largely 
independent of each other. The first idea was to try and explain flutter in a 
mathematical sense. That was the work which was entrusted to Mr. Frazer 


and Mr. Duncan and of which a summary had just been given. The second 
independent inquiry was entrusted to Mr. McKinnon Wood and was carried out 
at Farnborough. It was a second line of attack, to see whether it was possible 
to reproduce on the model scale, under controlled conditions, what had happened 
on the full-scale. It would be recognised from the accounts given by Mr. Frazer 
and Mr. Perrin that the experiment had been successful. It was not quite certain 
that it would be possible to reproduce flutter conditions from drawings alone. 
The disadvantage of the scale model method was that it was very expensive and 
rather a long procedure. It was almost as difficult to make a model accurately 
to scale when it was necessary to vary the relative elasticities as well as the 
geometrical proportions, as to make a machine itself and it was because Messrs. 
Frazer and Duncan’s work had dispensed with that necessity that he regarded it 
as of very special importance. The monograph which had been prepared and 
authorised for publication by the Aeronautical Research Committee, laid down 
some very simple precautions which should be adopted in order to avoid flutter. 
As Mr. Frazer had said, it was not possible in all cases to do this and it might 
not be convenient to carry out these extremely simple recommendations, the first 
one of which was irreversibility of aileron control. Having laid down that very 
simple and inclusive recommendation, the authors of the monograph showed how 
it is possible to approach the desired condition of non-flutter by adopting other 
precautions and suitably adjust the mass balance of the ailerons and by dealing 
with other matters depending on mass and elasticity. This increased the com- 
plication of the subject, but it was only fair to say that for the particular types 
of wing flutter investigated, and which mainly concerned wing extensions, the 
conclusions reached by Mr. Frazer and his colleague could be applied with 
considerable confidence and the results should enable the designer, in the initial 
stages of design, to guard against flutter. 


Mr. H. E. Winperts: He expressed satisfaction that the paper had been 
given if only for the opportunity it afforded of seeing what remarkable powers 
of exposition the National Physical Laboratory staff have, even on so intricate 
a subject. Those who had read the report, and the many more who had tried 
to read it, would realise how complicated the subject was. Another reason why 
he was glad the author had read the paper was that it illustrated, as very few 
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other subjects could do better, the inter-action of the research organisation of 
the Air Ministry with the practical questions that arise from time to time when 
something mysterious happens in the air. Speeds were continuously rising, 
which meant the pushing of our investigations into unknown regions so far as 
physical characteristics were concerned, and when hitherto unknown regions 
were ventured into, hitherto unknown things were liable to happen; the unknown 
thing that happened in this case was reflected unfortunately in certain aeroplane 
crashes which were due to what was now called * flutter.’? The organisation 
that undertook the necessary inquiry had been described very fully by Professor 
Bairstow. It had taken some years to reach the report stage, but it must not 
be thought that advantage had not already been taken of the work described. 
There had been interim information obtained from the investigations which had 
been communicated to designers freely and as the result of that—it could surely 
be called as the result of it—accidents of this particular type had_ practically 


ceased to be reported. As speeds increased in future years there might be found 
other phenomena of rapid motion in some new facet and form, and these again 
would require investigation. At present, however, the ghost of this particular 


difficulty seemed to have been laid, or at any rate well on the way to being laid. 
The recommendation mentioned by Professor Bairstow as to the irreversibility 
of the aileron control raised the very big question as to how far pilots are willing 


to lose any sense of ‘‘ feel’? in that control. Apart from that, the recommenda- 
tions were a sort of prescription. The doctor had been called in and here was 
the prescription for the patient. There was a model ‘* patient’? at Farnborough 


—as had been seen on the film—and the R.A.E. was proposing to apply that 
prescription to that model in order to ascertain clearly whether when these 
remedies were applied and the model was placed in the wind tunnel there was 
left any disposition whatsoever to flutter. It will be a very interesting experiment, 
and personally he had no great doubt as to what the result will be. He hoped 
there were some pilots present who would be able to say, from their point of 
view, what had been the effect of the prescription so far as they had met it in its 
present-day application. 

Mr. Retr: He had been in close touch with the whole investigation and 
knew the complexity of the mathematics involved. To have described the work 
clearly without the use of symbols was in his opinion a very great achievement. 
He would not speak at any length as he felt that discussion should come mainly 
from those not in close touch with the work, who might have many questions 
to ask. There were, however, two points in connection with the theory that 
might be brought out. One was that the theory was concerned with small 
oscillations, mathematically with infinitely small oscillations, but it had been 
found by experiments that an oscillation might be stable for small amplitudes 
and unstable for larger amplitudes. This had an important bearing on practice, 
since a machine might be flying at a speed where small oscillations were stable 
and a chance disturbance, such as a bump, might lead to a violent flutter which 
would increase so rapidly in amplitude that the pilot would have no time to reduce 
speed before fracture occurred. He felt, however, that this would not be likely 
to occur at a speed much below the theoretical critical speed, and that if the 
design recommendations were carried out with reasonable care the critical speed 
would be so much above the maximum flight speed that this ‘‘ super-saturated "’ 
flutter, as he might call it, would be very improbable. 


Another point about the theory was that in the initial stages it had been 
assumed that the fuselage was rigidly fixed. It was obvious that freedom of the 
fuselage might modify the results obtained, and accordingly, at a later stage, 
an attempt was made to see what the effect of this might be. In the first 
investigation the wings were supposed to be moving up and down together so 
that the main motion of the fuselage was a slight rise and fall. In that case it 
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was found that there was very little effect, the critical flutter speed being increased 
by 4 per cent., or something of that order. In the next investigation the wings 
were moving up and down out of phase, one wing moving up whilst the other 
moved down, so that the main motion of the fuselage was a slight rolling motion, 
In this case the mobility of the fuselage had a marked effect, and raised the 
critical speed very considerably. Interpreted into full-scale figures, a flutter of 
this type occurring at say 250 miles per hour, with fuselage fixed, might well be 
postponed to a speed of over 500 miles an hour when the fuselage was free. 
This effect of the mobility of the fuselage in roll had been confirmed by tests at 
Farnborough o» the model which was shown in the ** 

Wing Commander BLackBurN: He considered the paper gave some very 
valuable pointers as regarc “*sign, and added that he could not discuss the 
paper from a scientific point ,.i view. There was, however, the question of the 
effect of such a thing as a petro! tank on a wing, and he did not know whether 
the author had carried out any research work to find out what the initial effect 
of a weight of that nature standing on the middle of a bay of a wing would be 
as regards flutter, or what effect such a weight, which was carried on many 
machines, would have after flutter had been initiated by the ordinary natural 
forces which at present started flutter when there was such weight on the middle 
of a bay. 

Mr. Lospe.ie: All designers were aware of the existence of flutter, but very 
few realised how it actually started. The paper gave some very interesting and 
useful theoretical explanation of the origin of flutter and showed the designers 
how, to a certain extent, it is possible by calculation to guard against it. How- 
ever, he felt that one step further should be taken and the practical side of the 
question passed on to, viz., what can be done to stop flutter? The first remedy, 
in his opinion, lay in the strength and the stiffness of the structure. Ultimately, 
flutter was a deflection of the wings which could mainly be stopped by the strength 
of the various constituent parts of the structure. Recently the Air Ministry had 
increased the factors of safety and that was a step in the right direction, because 
if the structure was strong its stiffness would also be increased and if the deflec- 
tions under normal air loads were small the amplitude of the movements during 
flutter would also be considerably reduced. Another item to consider was the 
shape of the wing tip, which on a fast machine should be similar to those of the 
Schneider Trophy racers, i.e., a pronounced elliptical taper towards the end. The 
main spars should be as deep as possible for a given strength in order to reduce 
deflection. The shape of the ailerons was also an important factor and their span 
should spread equally either side of a rigid point of support, for instance, the 
outer interplane strut joint of a biplane. 

Generally, the safest remedy against flutter was the provision of a structure 
which would be as light as possible for a given strength and stiffness and also 
absolutely rigid in the attachment of its various components. 

Mr. Pierson: The first instance of wing flutter came under his notice in 1925. 
in connection with a biplane fitted with Friese ailerons; the pilot was diving at 2 
speed of about 150 miles an hour and his report stated that the machine flattened 
out and shuddered; alookers on the ground said that the wings were moving 
up and down, and o:. subsequent examination it was found that there had been 
considerable movement of the lift wire. The ailerons were afterwards statically 
balanced and no furtuer trouble was experienced on that machine or on any other 
machine of the same type. ‘ 

A metal covering was found to have an enormous effect on the torsional 
stiffness of wings; a cantilever wing was statically tested, and if there had been 
no torsional stiffness the front spar should have deflected 14 inches down and 
the back spar 1.1 inches up, but owing to the use of metal covering the front spar 
only deflected down a matter of 2 inch. 
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As regards statically balanced ailerons, much could be done in the design of 
the ailerons themselves, such as locating the spar well forward of the hinge axis 
(by arranging the hinge brackets to pass through the spar) and torsionally bracing 
the aileron. The all-metal ailerons fitted to the Virginia Bomber were completely 
statically balanced and were actually lighter than wood ailerons, the percentage 
of weight due to static balance being in the neighbourhood of 25 per cent. of 
the weight of the aileron. 

The question of aerodynamic balancing was a very important problem on a 
large machine, for otherwise the control forces were liable to be beyond the pilot’s 
strength unless recourse were made to very low gearing, or to servo systems. To 
avoid servo control, the h**se point must be near the point of aerodynamic 
balance, in fact at about .285 chord. 

Captain Broap: In reading the paper he h *  erhans rather unfortunately, 
read the conclusion on the last page first, viz.: ‘‘ 1. may pe well to conclude with 
a definite warning that even a conscientious observance of every design recom- 
mendation would not provide absolute insurance against flutter.’’ That was rather 
frightening to him. Flutter had been called a bogey and everybody seemed to 
regard it as such, although Mr. Wimperis had said it had been laid. Personally, 
he had had one practical experience of flutter on a Grebe machine when straight 
flying at full throttle at 180 miles an hour. This flutter started without any 
warning whatsoever, but it stopped immediately the throttle was shut down. The 
movement was fairly violent and was seen from the ground, and the streamline 
fairings behind the tanks were bent down two or three inches and both main 
spars split. The flutter stopped when the throttle was shut down and the machine 
was all right as long as the speed was kept low. That was his only practical 
experience of wing flutter as opposed to flutter of elevators or rudder, but with 
other pilots he felt he owed a very great debt of gratitude to the author for his 
work in helping to lay this bogey. 

Flight Lieutenant Sarnr: The paper and the film rather terrified one as to 
what was going to happen next. In his own case he had experienced flutter 
and, with reference to Captain Broad’s experience on the machine mentioned by 
him, that self-same machine without any alteration whatsoever had since dived 
on several occasions to the full extent of its terminal velocity without any sus- 
picion of flutter. Therefore it would seem that the problem was a little more 
intricate than it appeared. The film shown by the author was_ particularly 
interesting, because it could be so readily seen what it represented. At the same 
time he would have liked to see the same wing having fitted to it an aileron of 
proportions that from the full-scale point of view had produced no trouble what- 
soever, and he sincerely hoped that when the question was again referred to the 
R.A.E. wind channel experiments would be carried out with this type of aileron 
fitted to the model. As regards irreversible control of the ailerons, from the 
puot’s point of view, he was very much opposed to that. No pilot would want 
to have his ‘‘ feel’’ reduced; it was the last thing he wanted when he was 
carrying out any form of manoeuvre. He believed that was particularly the case 
with night flying, although those who engaged in night flying were better able 
to give an opinion on the matter than he was. The author’s demonstration re- 
called to his mind a case of oscillations being set up on a:certain aircraft fitted 
with a certain type of balanced aileron at the R.A.E., avout 1925. The self- 
same oscillations as demonstrated by the author were set up, but for the aileron 
to become affected in that way it was found that extreme muvement of the control 
column was necessary to start the oscillation, but from that moment onwards, 
whilst the aircraft maintained a certain speed over the stalling speed, it rocked 
violently and at the same time the stick was thrown completely out of the hands 
of the pilot and there was great difficulty in catching it and bringing the machine 
under control again. When the machine was brought to near the stalling speed 
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it was possible to arrest the movement of the aileron. On the occasion in question 
it was noticed that there was a terrific lengthening of the control wires, and 
possibly the phenomenon of flutter had something to do with this occurrence in 
1925. 

Flight Lieutenant SCHOLEFIELD: He had had three experiences of flutter. The 
first was on a plain elevator, unbalanced in any way either statically or aero- 
dynamically. The aspect ratio was even on each flap and on that machine there 
was a fairly violent flutter at normal speeds. The flutter continued almost down 
to landing speed on the occasion in question, but nobody knew anything about 
it and it had never occurred again. In the second case the ailerons were balanced 
in the manner the previous speaker had mentioned, and there was a very violent 
oscillation which shook the stick out of his hand and also shook the machine. 
The third case concerned a machine with Friese ailerons, exactly similar to the 
machine in the second case, but rather faster. That had static balancing and 
personally he thought static balancing absolutely necessary in all controls. With 
regard to making the aileron control irreversible, except perhaps for night flying, 
he did not think the pilot would greatly miss the *‘ feel.’’ What he wanted was 
a fairly progressive movement of the stick, and if that could be ensured after the 
adoption of irreversible aileron contro] he did not think there should be any 
difficulty. Personally, he did not mind at all the absence of what was referred 
to as ‘‘ feel’? so long as there was a feeling of progressive movement. 

Captain Uwins: He had listened to the paper and discussion with special 
interest because it was his task to test aircraft at terminal velocities or very high 
speeds and the prospect of flutter developing was always in mind. The forces 
which were generated in an aeroplane were so very great that the failure of the 
structure would be very sudden and violent and there would be very little likelihood 


of the pilot escaping with his parachute. If, therefore, anything could be done 
by practical experiment or research on the lines indicated in the paper, it would 
be of inestimable value to the industry. There was one experience he had had 


of flutter on a fairly low speed cantilever monoplane which might be of interest. 
The machine was fitted with plain ailerons unbalanced, with the hinges in front 


of the spars, as normally designed. The first flutter occurred when the ailerons 
were rather violently used, and immediately the stick was wrenched from the 
pilot’s hand. The wings fluttered badly, but the machine was stalled by throttling 


down and the flutter stopped. Inspection afterwards showed no damage what- 
ever, the internal wires being as tight as they were when the machine left the 
ground. There had been no further trouble on that particular machine, but on 
other machines it had occurred, particularly when flying at high relative speeds 
in bumpy weather, and the prospect of this happening was very worrying to the 
pilot. The attempt had then been made to statically balance the ailerons, and 
his experience of this appeared to bear out what had been said in favour of it 
by a previous speaker. Concerning irreversible aileron controls, he could also 
bear out what had been said by Flight Lieutenant Scholefield concerning the 
‘feel’ of controls. Personally, he did not think a pilot need fly by “ feel.’’ 
So long as a machine was really controllable, he did not think much else mattered 
and the pilot would soon get used to it. Some years ago a machine was used 
in which the pilot was totally enclosed and there was a terrible outcry. Personally, 
he found no difference at all, although there was no wind blowing about one’s 
face, but the pilots generally said it could not be done. It was all a question of 
use, in his opinion, and he believed that in the course of the next few years there 
would be very few private machines which had open cockpits. It was simply a 
question of making pilots get used to these things. 

Flight Lieutenant Warirwortn Jones: Flutter had been described as a 
mystery, and undoubtedly in flight there were some mysterious happenings which 
were also dangerous and very unpleasant. The knowledge of these possibilities 
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was apt to spread and grow by rumour and have its effect upon the average pilot 
and damp the ardour of people who had to fly at high speeds. The paper had 
completely removed the mysteriousness of flutter from the minds of pilots and 
with it the greatest part of the bogey. They knew what was happening and they 
now had a very good idea of how to prevent it. 

Mr. C. C. Wanker: The author had demonstrated the case of flutter with 
a wing and not an aileron, and he asked whether this had ever occurred in flight 
and whether the characteristics of a wing were such that it was likely to occur 
or had been known to occur. It was true that a propeller could be cut down 
to a point where it would perform that kind of flutter, but the speed was very 
much higher, and it would be interesting to know if what the author had demon- 
strated was likely to happen in an ordinary aeroplane wing. Another point upon 
which it would be interesting to have some information was in connection with 
statically balancing ailerons. Supposing for some reason it was impossible in a 
particular aeroplane to get complete static balance, would it be wiser to leave 
any attempt at static balance severely alone? Could one go part of the way, or 
would it be safer either to leave it alone if it was not possible to go the whole hog? 
Remarkable light had been thrown on this whole subject by the researches that 
had been carried out in recent years. About three years ago flutter was to most 
people a complete mystery, but the position now was very different. At the same 
time, even now it was a touch and go phenomenon ; it might occur at any moment 
or it might not, and it seemed to require a somewhat rare combination of condi- 
tions in order to get it so that it was still entirely flukey. Nevertheless, the paper 
was extremely valuable in pointing out so clearly the tendencies towards flutter 
or no flutter. Designers in this country had certain difficulties to contend with 
which were not always fully appreciated. The designer might have a feeling that 
he could make an aeroplane safer in these directions by adopting a compromise, 
but as things were at present there was a sort of official aeroplane in the back- 
ground in the form of printed regulations, and the designer had to come on the 
carpet and justify any step he took if he infringed any of the regulations. The 
regulations, of course, were proper in themselves, but it might very often pay to 
go a little outside the regulations in order to get what the designer might think 
was a more general security for his structure. It was, perhaps, rather a difficult 
matter to explain his point, but his view was that the more the official aeroplane 
is stereotyped the less likely are we to have new and useful experiments. 

Mr. RaApciirrE: No discussion was a discussion until both sides had been 
heard, and as most people had been in agreement so far, he proposed to take 
the opposite side. In the first place he was disappointed in the lecture because 
from the designers’ point of view it did not seem to take us very much farther 
than the Dutch investigators had got in 1923. In making that statement, how- 
ever, he did not mean to throw any discredit upon British investigators. The 
subject was so very complicated that the solution seemed almost impossible. — It 
remained, therefore, for the engineer to find out what could be done by trial and 
error. The paper suggested certain recommendations, but then went on to state 
that even if they were adopted there was no guarantee that flutter would be 
avoided. Therefore, we seemed to be just where we were at the beginning in 
1923 and it made him feel very disappointed. He felt almost inclined to suggest 
that these investigations should be discontinued, because the problem had almost 
got outside the practical field of solution. While with the Gloster Aircraft Co. 
there were one or two things he had been interested in in helping to devise wings 
that would not flutter, and he would like to bring them forward as suggestions 
with a view, perhaps, to raising new thoughts on this matter. Often an aileron 
was supported on a false spar behind the two main spars of the wing and he 
regarded it as bad practice to cut off that false spar short after extending the 
whole span of the aileron. A better plan would be to make the aileron false spar 
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continuous throughout the whole span of the wing. The reason was obvious when 
it was realised that one of the first requirements in a wing that would not flutter 
was extreme rigidity. (Here he suggested was a field where the research man 
could give some really useful information; in other words, give a reserve factor 
over and above the factor of safety required, which would eliminate flutter, at 
any rate within practical flying speeds.) If long continuous false spars were 
provided, this added to the strength of the wing in a transverse direction to the 
longitudinal axis of the body and had proved very successful on the Gloster air- 
craft. Secondly, he suggested the use of totally enclosed horns for operating the 
ailerons would be useful in cutting down the eddies which might form on the upper 
or lower surface of the wings and thus would help to provide a smooth flow of 
the air. The use of ailerons with a loading along the leading edge was what the 
Dutch experimenters had pointed out in 1923 and by doing so it seemed to him 
that we got the nearest approach in the present-day aeroplane to providing against 
flutter of the aileron. From his reading of the literature on the subject, he 
believed that Fokker experienced flutter somewhere about the year 1921 or 1922 
and the means adopted to eliminate it was static balancing of the ailerons. 
Metallic or rigid covering of the wings, which had been suggested, was un- 
doubtedly another means of providing extreme rigidity, and these improvements 
had been carried out very largely by Fokker in his construction of monoplane 
wings. He would like the author to say what was the true effect, as far as he 
had been able to ascertain, of the placing of petrol tanks in the wings. He would 
also like to know if any good would be done by providing spars which were not 
arranged parallel in plan and whether it would help to adopt a triangular structure 
and so give a more rigid construction. Finally, he asked the author what chance 
there was of the elimination of flutter in wings where a symmetrical areofoil was 
used, because with such a section the centre of pressure could be kept well for- 
ward whilst the ailerons were being operated. 

(Communicated.)—With a view to amplifying the above spoken remarks and 
indicating how the problem of flutter can be dealt with in practical design, the 
following suggestions are put forward as a result of experience gained whilst with 
Glosters. 

Wing Structures 

(1) The biplane should prove a better basic design for high speed aircraft 
than the alternative monoplane from the fact that the biplane structure has greater 
rigidity. This applies particularly to unbraced monoplanes. In such examples 
as braced monoplanes of the Schneider type, e.g., the Supermarine S.5, and the 
Macchi, we have obviously, on account of their relatively small wing spans, a 
stiffness approximating to that of the biplane. 

(2) Where thin wing sections are used for the biplane structure it is recom- 
mended that wing tip and bay deflections be limited by one or more of the following 
methods :— 

(a) By providing a two-bay structure with small overhanging wing tips. 

(b) By providing wing tip deflection struts if the overhang cannot con- 
veniently be reduced. 

(c) By adopting wings with a tapered plan form. 

(3) As evidence of flutter in actual aircraft appears to have been set up chiefly 
by the ailerons in the upper wings, it is suggested that ailerons be fitted to the 
lower wings only, especially in view of the fact that end lodd is small in the lower 
rear spars, 

Tail Units 

Flutter has been found to occur in the tail units of certain aircraft and as a 
guide for its prevention it is suggested that for all-high speed aircraft rigidity 
rather than merely satisfying strength requirements should be the aim. This 
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applies particularly when symmetrical or reflexed aerofoils are used for the wings, 
as the tail load in the terminal nose dive condition is relatively small. 


Fins and Rudders 

With the importance of spin prevention so much to the fore at the present 
time there is a marked tendency for over-sized fins and rudders to be fitted to 
high speed aircraft, and here is another source of flutter. With high aspect ratio 
fins and rudders attention should be given to their rigidity as a means of 
excluding the possibility of flutter from the flying range of the aircraft. A simple 
means of ensuring this is by using upper and lower fins, as on the Gloster 4 Racer. 
The use of balanced rudders is worthy of careful attention, and it is suggested 
that the amount of balance be cut down to the smallest possible and with it. 
arranged so that its chord is a minimum, 

Mr. Capon: He asked the author if it was possible to calculate what would 
happen if the fuselage were free instead of being held rigidly. Mr. Relf had 
mentioned certain calculations in which it had first been assumed that the fuselage 
was fixed, and then free. The critical speed for flutter on the latter assumption 
when the wings were supposed to be vibrating in phase was nearly in agreement 
with the speed deduced on the former assumption, but if the vibrations were 
assumed to be 180° out of phase the critical flutter speed when the fuselage was 
free was very much higher. At one point in the experiments at the R.A.E. the 
fuselage had been freed, and the conditions appeared then to correspond roughly 
to the case of fuselage free and wings 180° out of phase. He believed that the 
flutter had ceased and perhaps Mr. Perring could say if this was correct. 

[Mr. PerrinG: At one stage the fuselage was fixed and wing flutter occurred ; 
then the fuselage was freed and flutter died down. | 

Mr. Capon: It seemed to him that an important point to consider in connec- 
tion with fuselage oscillation was whether these oscillations were stable when in 
phase or out of phase, or both, and he wondered if there was anything in the 
theory which indicated what was likely to be the case. With previous speakers 
he complimented the author on having so clearly explained a piece of complicated 
mathematical work. 

Mr. PerrtnG: He was familiar with the experiments carried out at Farn- 
borough, and he could give a resumé of them. 

The aeroplane selected for the wind tunnel experiments was a single-seater 
biplane of a type on which wing flutter had occurred full scale. The model 
reproduced to one-third scale one side of the complete machine and had the 
stiffnesses of all its important strength members reduced so as to bring the 
flutter speed well within the limits fixed by the available tunnel speed. Extensive 
tests were carried out by the Mechanical Tests Department of the R.A.E. prior 
to the construction of the model to determine the elastic properties of the com- 
plete full-scale aeroplane, and these tests were extended to determine the elastic 
properties of the individual planes. 

During the construction stage of the model, tests were made on the individual 
model wings and the results compared with those obtained full scale. These 
tests showed the model and full-scale planes to be in very good agreement both 
as regards their flexural and their torsional properties. Further deflection tests 
similar to those carried out full scale were made on the complete model and the 
general elastic agreement between the model and the full-scale machine was found 
to be very good. For the tunnel experiments the model baseboard was secured 
to the floor, the model planes being approximately vertical in the tunnel and at 


approximately ‘‘no lift’? incidence. As originally constructed the model 
was fitted with aileron hinges that were scale reproductions of full-scale 
fitting. These hinges were rather frictional and with the ailerons free a 


very explosive type of flutter developed at about 190 miles per hour, 
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equivalent full-scale speed. The hinges were then replaced by others of a 
frictionless type, two hinges on each aileron being fitted where formerly three 
had been used, and the flutter speed with ailerons free was then about 120 miles 


an hour. The control cables were then fixed in a manner that was equivalent to 
holding the control column of the ordinary aeroplane locked, and the flutter speed 
rose to about 170 miles an hour. The change in flutter speed brought about by 
slack controls may explain why flutter has sometimes occurred unexpectedly at full 
scale or has at times occurred at a surprisingly low speed. The flutter frequency 
found during the tunnel experiments varied between 750 to 860 oscillations per 
minute. The observed speeds and frequencies agree very well with the available 


full-scale flutter data. <A further tunnel test was carried out with the model free 
in roll. With this arrangement no flutter occurred, although the speed was raised 
to the equivalent of about 235 miles per hour. As a variation on this further 
experiment a test was made starting with the model fuselage locked—the flutter 
was allowed to develop, and then by withdrawing wedges the model was released 
in roll—but immediately the flutter damped out and the planes became stable. 

Professor Bairstow suggested that it was possible to construct a model from 
drawings and reproduce the flutter that occurred with the actual machine, but 
the problem was rather more difficult than might at first appear. In the experi- 
ments carried out at Farnborough a full-scale machine was available and it was 
possible to determine by direct experiment its elastic properties and to check the 
model as the work proceeded. If, however, it was thought desirable to investigate 
on a model the flutter in the case of a completely new design it would be necessary 
to calculate the elastic stiffnesses and opinions probably differ as regards the 
possibility of carrying out these calculations with sufficient accuracy. On this 
point it may be of interest to state that for the biplane type of machine employed 
at Farnborough calculations that were made, would (had it been necessary) have 
furnished a fairly good guide for the construction of the model. 

Squadron Leader Hata: With regard to the question of ‘‘ irreversibility of 
aileron controls,’’ he had some experience of controls which were very low geared 
and that the consequent lack of ‘‘ feel’’ did not seem to matter. He also had had 
experience of servo controls where a spring in circuit supplied the ‘‘ feel,’? which 
was quite satisfactory. He did not therefore think that it mattered much whether 
the controls were made “‘ irreversible.’’ Most pilots were most conservative and 
would hate the idea at first, but that could be got over. 

As regards the question of flutter, reference had been made to wing flutter 
and aileron flutter, but no mention had been made of tail and elevator flutter. He 
had had experience of this last in a small way in a machine where the elevators 
always fluttered at certain air speeds and throttle openings. 

Various speakers had spoken of the difficulty of reproducing flutter under 
apparently similar conditions, but was this not possibly due to such a variable as 
the weight of fuel in the tanks, whether in the fuselage or in the wings, and this 
variable alone might have a considerable influence on the result. 

The lecturer mentioned the use of some form of damper to the ailerons, and 
some little time ago he had fitted such oil dampers to a machine where it had not 
been possible to statically balance the ailerons owing to the extra weight involved, 
and where it was known that the ailerons were definitely aerodynamically over- 
balanced at certain speeds. These dampers which were exceedingly simple, had 
given no trouble at all, and no aileron flutter had been noticed, whether this was 
due to the dampers or not he could not say as they had never dared to fly the 
machine without them. 

Mr. Scorr Hatt: He would like to draw attention to the question of flutter 
of fins and rudders. In this connection he said he was particularly interested at 
the moment in the subject of vawing instability at high speeds. Did the author 
think that when yawing instability started, flutter would automatically follow or 
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not? Was the theory put forward applicable to surfaces of an aeroplane other 
than the wings, and could it be applied direct to the fin and rudder? He had had 
one personal experience—he did not know whether he could call it flutter—on an 


early type of slotted machine with interconnected slot-and-aileron control. This 
machine was engaged on an experiment requiring the stoppage of the engine 
in flight. The only way the engine could be started again was to dive the 
machine at 130 miles an hour. During the dive a most unpleasant noise started 
like that of a machine gun. This continued on flattening out and it was then 


noticed that the port wing flap was oscillating with an amplitude of 10 to 15 
degrees. This was a forced oscillation due, he believed, to periodic aerodynamic 
forces on the slot, transmitted to the flap by the inter-connecting gear. The 
machine was landed immediately and it was found that all but the two end linkages 
of the slots were broken. The pilot was not present at the meeting to verify the 
description, but he put it forward for what it was worth. 

Mr. Rauur: He suggested that the factors of safety at present imposed upon 
aircraft are rather arbitrary and have no theoretical foundation. They seemed 
to have grown up, and by reason of the fact that there had been no serious 
accident when these factors of safety had been observed, they had been accepted 


as more or less the proper ones to adopt. There was the possibility, however, 
that the development of flutter was pushing these factors to greater and greater 
values. There was a tendency, for instance, towards increased stiffness which 


was an obvious remedy against flutter, but it seemed to him that if the flutter 
question could be to some extent elucidated it might be possible to return to 
perhaps slightly smaller factors of safety than were imposed at present. If it was 
found possible to adopt the recommendations of the paper, there would be economy 
of weight and the straightforward flying factors such as those in ‘‘ C.P.F.’’ and 
‘“nose dive ’’ would not have to be forced up to values greatly in excess of the 
physical conditions they were supposed to represent. 

Captain YrEATMAN: With regard to the design recommendations in the paper, 
he suggested that thev were to some extent mutually incompatible because they 
called for statical balancing of the aileron and also under balancing it aero- 
dynamically. Obviously, both could not be done perfectly and he would like the 
author to give an idea as to which was the more important of the two. 

Mr. Fonnanp (communicated): As this research work was carried out in 
conjunction with a machine designed by his firm. it would be as well to explain 
the origin of the type of aileron used. 

The machine was a very carefully considered one from a point of view of 
aerodynamic efficiency and control at all speeds down to stall. After careful 
investigation the shape of the aileron was decided upon and experiments proved 
that this arrangement has the best control at low speed, together with lightness 
of all controls at all speeds and proved to be an efficient form of aileron. 

This design is one common to another of his firm’s machines, and in all some 
200 machines were used in the services and trouble did not develop until many 
months after the machines had been in use. When the symptoms were first 
discovered it was put down to general slackness in controls and bearings and in 
most cases new bushes and tightening of the wires cured the trouble. It was, 
however, proved at a later stage that it was possible to produce flutter with 
controls in proper condition. 

The design of the aileron was such that the whole of the surface was more 
or less cantilever from the outer strut portion of the wing and also from the rear 
spar, the false spar supporting the aileron was not continuous but extended only 
from the strut point to the wing tip, so that no stiffness to the wing was given 
by this spar. 

When this trouble occurred on a machine with controls perfect, various 
experiments were made and the conclusion was arrived at that the trailing portion 
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of the wing should be stiffened up, and also that the aileron should be extended 
inboard to make it more nearly balanced at the strut point. 

The extra stiffness in the wing was obtained by extending the false spar 
the whole length of the wing. 

These two modifications were carried out and the machine was successfully 
dived to terminal velocity, and no symptoms of flutter were observed. These 
modifications were carried out about 18 months ago and the machines are still 
flying. No further trouble has been reported. 

This appears to prove one thing definitely, that flutter must be guarded 
against by having sufficient rigidity at the trailing portion of the wing and is 
one of those problems which can only be dealt with as they arise. 

The flutter condition developed in a wing can be considered as analogous to 
that which develops in an airscrew. 

The old wooden type of airscrew, in the early days, suffered from flutter and 
was only cured after designers had gained experience and by stiffening up the 
blade to obtain the required rigidity. Similar remarks apply to metal airscrews 
in their development stages. 

It would appear that the amount of stiffness in a wing to resist flutter cannot 
be theoretically determined and that research is urgently required to determine 
some simple method of checking the stiffness of a wing required. 

Having made a research on the actual trouble with the original machine, it 
is suggested that a test should be made on the cure, i.e., the arrangement success- 
fully in use for the last 18 months. 

As flutter, in most cases, is not developed until machines have been in the 
services for a period, it is suggested that a check should be made by making a 
scale model of a wing of any machine selected for production, so that the possi- 
bility of this trouble can be checked in the wind channel, until such time as suffi- 
cient data is available to produce a suitable formula for meeting this condition by 
calculation in the initial design stages. 


REPLY TO DISCUSSION 


Mr. Frazer: He expressed his appreciation of the manner in which the paper 
had been received and of the very generous remarks made regarding it. Unfor- 
tunately, he had not been able to acknowledge in full the extent to which others 
had collaborated; but he knew that the appreciation which had been expressed 
by those taking part in the discussion would be welcomed by all who had been 
concerned in the investigation, and particularly would they be pleased with what 
had been said by Professor Bairstow and Mr. Wimperis. He felt that certain 
very obvious gaps in the paper had been filled by the remarks of these two speakers 
concerning the history and organisation of the flutter research. 

In connection with Mr. Relf’s remarks, the restriction to small motions was, 
of course, usual in all branches of stability theory, and had the advantage that 
the dynamical equations were of a simple linear form and tractable. Practically 
interpreted, the restriction meant that the acting forces must be proportional to 
acceleration velocity, or displacement. An objectionable possibility instanced by 
Mr. Relf was where a motion was stable for small disturbances, but unstable for 
large ones. This effect could be brought about in several different ways—for 
instance, by solid friction, or by abrupt changes of slope of particular aero- 
dynamical characteristics, notably of the aileron. During the course of the wind 
tunnel experiments, it had been found that the temporary imposition of large 
disturbances would often induce flutter below the true critical speed for normally 
disturbed air; and that, for the same reason, flutter would sometimes continue at 
speeds below the true critical, once large amplitudes were established. As regards 
the further question of the mobility of the fuselage, which had only recently been 
brought under full investigation, he believed that the evidence was now fairly 
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conclusive that the motion of the aeroplane as a whole tended to stabilise, rather 
than to promote wing flutter. In plain words, this meant that the simple version 
of the theory might occasionally lead us to expect flutter when actually it would 
not occur. In this respect the theory was satisfactory, since it erred on the safe 
side. The same could not be said of the restriction to small oscillations, and on 
this account alone ample allowances for safety were always desirable. 

In reply to Wing Commander Blackburn, he was able to quote the results of 
one or two wind tunnel experiments on a stayed monoplane wing. The attach- 
ment of a mass of about twice the wing mass midway between the root of the 
wing and the bracing points (which were at about one-half span) had been found 
to produce a quite insignificant reduction of the critical speed. The experiment 
had first been carried out with the ailerons free, and had been repeated for a range 
of values of the aileron elastic constraint. Whilst no general inferences could 
safely be drawn from these few tests, yet the results confirmed his own opinion 
that a variable mass loading within the bay would normally not influence the 
critical speed to any important extent. Some further experiments on the question, 
in connection with the biplane investigation, were however in view. 

Dealing with Mr. Lobelle’s remarks, he wished to explain at the outset that 
he was rather doubtful as to whether he was interpreting them quite correctly. 
Mr. Lobelle had raised the point that steps should now be taken to answer the 
practical question, ‘* What can be done to stop flutter?’’ Bearing in mind the 
particular context, he (the lecturer) had found the question somewhat ambiguous. 
In the first place a complete eradication of the phenomena of flutter for ail speeds 
and conditions might be intended; or, alternatively, merely an avoidance of flutter 
over the practicable ranges of speed. Since the specific purpose of the paper had 
been to provide answers to these questions, he believed that Mr. Lobelle had 
perhaps in mind the further problem of limiting the wing movements once flutter 
had begun. If this inference was actually correct, he could not concur that the 
advantage of increased stiffness lay in a reduction of flutter amplitudes. A pro- 
portional increase of all elastic stiffmesses would have the effect of raising the 
critical speed for flutter (a real advantage), but when flutter occurred, he would 
have expected—on grounds of dimensional theory—the ultimate amplitude of 
flutter to be of the same order as originally. Moreover, in his opinion, the final 
extent of the wing movements was no real criterion as to safety. Attempts to 
limit such movements were rather too much like trying to muzzle a vicious dog. 
It seemed to him in the long run safer to get rid of the dog altogether, or at least, 
to chase him out of bounds. 

He was indebted to Mr. Pierson for his remarks in connection with the 
influence of metal covering on the torsional stiffness. Other things being equal, 
the increase of the torsional stiffness due to the metal cover should normally tend 
to raise the critical flutter speed. On the other hand, he was not satisfied that 
this advantage applied to all-metal construction generally, where for a given 
strength the elastic dampings and certain of the stiffnesses might well be con- 
siderably reduced. In his opinion the influence of metal construction in relation 
to wing flutter would deserve very careful watching. Any reduction of aileron 
weight due to all-metal construction would certainly help. 

Captain Broad had remarked that, in reading the last paragraph of the paper 
first, he was alarmed to find a reservation regarding the effectiveness of the design 
recommendations. He (the lecturer) thought that perhaps this practice of reading 
papers backwards was not altogether fair to authors, since the reader might have 
his ideas rather prejudiced by the time he came to take the paper the right way 
round. Nevertheless, he was very grateful to Captain Broad for raising a very 
important question. The same question had been brought up by other speakers, 
and in order to avoid repetition he would deal with the matter in his reply to Mr. 
Radcliffe. 
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Flight Lieutenant Saint had cited an apparent anomaly. The case mentioned 
was where, on a certain occasion, a particular machine had fluttered, although 
subsequently, ‘‘ without any alteration whatsoever,’’ it had been dived to it 
terminal velocity without suspicion of flutter. Without fuller details he was rather 
loath to comment on this case. The only suggestion he was able to make was that 
some quite unobyious ‘‘ alteration ’’ to the machine had meanwhile occurred of 
which Flight Lieutenant Saint was unaware. The type of alteration which might 
account for the facts was a change of the elastic stiffnesses, due to stretch or 


slackening of bracing wires, or control cables. A reduction of a single stiffness 
often resulted in an increase of the critical speed; this was perhaps one of the 
intricacies of the subject. His own experience of model wooden wings was that 
their flutter characteristics varied considerably from day to day, owing to changes 
of their elastic stiffmesses and damping, and with actual aeroplane structures 
these effects might be very pronounced. It was largely in view of the uncertainties 
associated with the values of the elastic constants that preventive measures had 
been sought of a type independent of the numerical values of the stiffnesses. He 
wished to express his gratitude to Flight Lieutenant Saint and other pilots for 
voicing their opinions freely on the practical aspect of the irreversible aileron 
control. 

Turning to the occurrences instanced by Flight Lieutenant Scholefield, they 
appeared to him to confirm, to some extent, the objections raised in the paper 
against ailerons which are very nearly aerodynamically balanced. He understood 
that in the third case flutter had occurred despite static balance, and it might 
therefore be useful to state that similar results had been obtained in wind tunnel 
experiments with a statically balanced aileron hinged close to the position for 
complete aerodynamical balance. ‘This illustrated the point that the design recom-= 
mendations should as far as possible be met collectively, and not adopted separately 
as alternative remedies. 

\With regard to the observations of flutter by Captain Uwins, he considered 
that they furnished a particularly clear example of motions which were stable for 
small disturbances, but unstable for large ones. To judge from the description 
given, he would have suspected an unusual amount of solid friction in the aileron 
control system. 

He greatly appreciated the remarks made by Flight Lieutenant Whitworth 
Jones, but felt that they had been over-generous. It was perhaps not the right 
thing to say after a lengthy investigation, but he personally still found both flutter 


and stability very puzzling. He was confident that the general rules governing 
these conditions were by now well established, but the mystery to him lay in the 
mechanical processes underlying the phenomena. The ultimate explanation of 


flutter was intimately bound up with the riddle of fluid motion. 

In reply to the first question raised by Mr. Walker, a genuine flexural- 
torsional wing flutter was only possible with irreversibly controlled ailerons, and he 
knew of no instance in actual flight. In wind tunnel experiments, with a perfectly 
free but statically balanced aileron, flutters had been realised, in which the 
amplitude of the aileron movements was quite insignificant compared with the 
wing movements; the critical speed was practically identical with that obtained 
when the aileron was actually locked. Such flutters were for all practical purposes 
of the flexural-torsional type, and would be possible at very high speeds on actual 
aeroplanes whose ailerons accorded with the recommendations of Group I. One 
of the specific objects of the recommendations of Group IT. was the prevention of 


this residual type of flutter. In his opinion, an observance of item (g) was advis- 
able in the case of very fast machines with long overhangs. As regards the 


question of static balance of the ailerons, the general evidence was that small 
positive or negative variations from compte static balance would not impair the 
stability, but that a reduction of the product of inertia was not always consistently 
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beneficial. The difficulty was clearly illustrated by the numerical example appended 
to Fig. 5 of the paper. He thoroughly appreciated that designers might find 
the recommendation awkward to satisfy, but his own advice would be either to 
‘oo the whole hog ’’ in this respect, or else leave matters alone, 

He welcomed Mr. Radcliffe’s criticism, as it gave him an opportunity to enter 
into certain questions more freely than he had cared to in the actual paper. 
Personally, he thought that designers were in a better position to cure flutter now 
than they were in 1923. However, he could not press the view, because he had 
a great respect for designers, and appreciated they knew a great deal more about 
He agreed that the problem of flutter 


flutter in 1923 than they cared to admit. 
Unfortunately, flutter 


was very complicated, and in a certain sense insoluble. 
was not a freak phenomenon, peculiar to freak machines; it was a natural property 
Within limits, this flutter could be postponed to suit human 


of all aeroplanes. 
It was, therefore, in 


convenience, but it could not be done away with altogether. 
his view quite unreasonable to expect anyone to translate complicated formule 
for stability in rectilinear flight, based on approximate assumptions, into rules of 
thumb for the guidance of designers, without the comfort of a reservation. A 
design recommendation did not mean the same thing as a stability condition. 
Designers could be advised to supply heavy aileron damping and a small aileron 
moment of inertia, but they could not be asked to suit their designs to elaborate 
inequalities. The qualifications large’? and ‘‘ small’? used in the wording of 
such recommendations admittedly left much to the designer’s own judgment, and 
there was the chance that, however conscientiously a designer may have inter- 
preted the qualifications, he was still working outside the safe theoretical limits. 
Although he could hardly believe that this small risk would deter the average 
designer from trying out the recommendations as they stood, yet it was always 
open to anyone to adopt the sounder alternative of designing in accordance with 
the mathematics, as given, for instance, in R. & M. 1155. In his opinion pure 
trial and error methods would not prove satisfactory, because there were too many 
complicating factors in the problem. He concurred with the statement that the 
continuation of a false spar along the span of a wing would add to the strength 
and stiffness of the wing, but suggested that the fair comparison was between the 
flutter behaviours of two wing's, equally stiff and strong—the one with a false 
spar cut short and the other with a false spar continued. The criterion then would 
be the distribution of mass, and since the wing with the short false spar would 
have a smaller flexural-torsional product of inertia, he would be inclined to prefer 
that wing. He was of the opinion that smoothness of airflow had a very secondary 
influence on the development of flutter. Large disturbances would sometimes 
induce flutter prematurely, but extremely small ones were sufficient to start it at 
the genuine critical speed. He had dealt elsewhere with the questions of aileron 
mass balance, metal covering and petrol tanks. As regards the adoption of a 
triangular structure, it would make for great torsional rigidity towards the wing 
root, but it was open to the objection that the most important part of the wing, 
namely, the overhang, would be very flexible. There was very little information 
as to the general influence of wing section on the flutter characteristics. The 
position of the centre of pressure was an important factor in deciding the equili- 
brium attitude of the wing, but the characteristics directly influencing flutter were 
the rates of change of the aerodynamical moments with velocity and displacement. 
In the wind tunnel, they had obtained flutter both with symmetrical and unsym- 
metrical aerofoils, but the relative advantages of the sections nad not been 
compared systematically. 

With reference to Mr. Capon’s remarks, calculations for a particular mono- 
plane had indicated that the stabilising influence of the mobility of the fuselage 
on the out-of-phase type of flutter depended greatly on the magnitude of the 
rolling moment of inertia of the whole machine. When the fuselage was taken 
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as fixed, the critical speed for out-of-phase flutter normally worked out consider- 
ably lower than the critical for the in-phase type; so that no general rule could 
be laid down as to which type of flutter would occur first in actual practice. 

He was very greatly indebted to Mr. Perring for his description of the wind 
tunnel experiments at the Royal Aircraft Establishment. 

With reference to Squadron Leader Haig’s remarks on the influence of fuel 
weights, he had already expressed his views in replying to Wing Commander 
Blackburn and to Flight Lieutenant Saint. Variations of the type mentioned had 
been observed in the wind tunnel with wooden wings not fitted with petrol tanks. 

He regretted that he would be unable to reply in full to the questions raised 
by Mr. Scott Hall, since he judged that they were rather beyond the scope of the 
paper. The theory put forward had been applied to the tail units of aeroplanes, 
and the results of the investigation would be published in due course. 

He was greatly interested in Mr. Ralli’s remarks on the controversial question 
of factors of safety, but could contribute no views. Anti-flutter tests undertaken 
in the wind tunnel had provided some evidence that by careful design very fragile 
and flexible wings could be rendered flutter-proof up to relatively higin speeds. 

In reply to Captain Yeatman, he agreed that the two design recommendations 
in question were to some extent antagonistic, but did not admit that they were 
actually incompatible. An aileron which was definitely underbalanced aero- 
dynamically, and yet had its C.G, slightly ahead of the hinge axis, was a practical 
proposition; he had tested out quite a number of ailerons which satisfied both 
conditions. 

Reply to Written Contribution.—He thanked Mr. Folland for the detailed 
account of the steps that had been taken to remedy flutter on certain types of 
aeroplane. An extension of the aileron inboard of the points of attachment of 
the outermost external bracing had several important advantages from the flutter 
standpoint, as pointed out in connection with design recommendation (d). In his 
own opinion there was some resemblance between the flutter of airscrews and 
flexural-torsional wing flutter, but nothing in the airscrew problem to correspond 
with aileron movements. A theoretical determination of the stiffnesses required 
to ensure any selected critical speed was perfectly feasible, but the data required 
were so elaborate that routine calculations of this nature would, he believed, be 
impracticable. He would like to draw attention to the fact that the design recom- 
mendations as listed, were intended to be effective, irrespective of the numerical 
magnitude of the stiffnesses. He had briefly touched on the same matter in his 
reply to Mr. Ralli. In a sense, the final design recommendation (j), which advised 
large elastic stiffnesses, was merely cautionary ; and it was possible that—by care- 
ful attention to such matters as mass distribution and location of the spars— 
designers would eventually be able to economise with confidence in regard to the 
stiffnesses. They would then have to contend with the very much simpler problem 
of estimating a sufficient reserve of stiffness to dispose of the possibility of 
divergences. 
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AIRCRAFT ENGINES, FUELS AND LUBRICANTS 
I Fuels 


The Oxidation of Hydro-Carbon. (Dumanois et Mondain-Monval Comptes 
Rendus, 12/11/28, p. 892.) (8.51/9918 France.) 

To explain the phenomena of auto-ignition in engines, experiments were 
carried out with pentane-air mixtures in a sealed bomb. The initial pressure 
was about six atmospheres, temperature 20°C. The temperature is raised by 
an electric heater, and the pressure recorded as a function of the temperature. 
For equal temperatures the observed pressures with fuel-air mixtures were con- 


siderably below those with fuel-nitrogen mixtures. In each case the ignition 
point is in the neighbourhood of 230°C. The presence of tetraethyl lead causes 


a slight increase in pressure at temperatures above 120°C. and an increase of 
10°C. to 20°C, in the ignition temperature. 


Iynition Testing Apparatus. (Motorwagen, No. 32, 20/11/28, p. 795.) (8.51/ 
ggig Germany.) 

A commercial apparatus is described for testing the ignition point of fuels 

under pressure, the containing vessel being heated electrically, It is stated that 

once calibrated the results can be used to determine highest useful compression 


ratio. 


The Dunamics of Ignition. (OQ. Klusener, V.D.1., Nov. 3rd, 1928, p. 1581.) 
(8.51/9923 Germany.) 

Flame propagation was studied by means of indicator diagrams using a 
evlindrical bomb and heptane-air mixtures. The conclusion is reached that the 
mixture is normally ignited by means of a pressure wave, and that turbulence 
is insufficient to account for the high flame speeds observed in engines. Under 
special conditions this pressure wave ignition leads to detonation. Normal 
ignition and detonation differ only in degree. 


Aero Engines for Commercial Aircraft. Dumanois, La Technique Aero- 
nautique, No. 83, September 15th, 1928.) (8.51/9924 France.) 

The author reviews the situation entirely from the fuel efficiency point of 
view. His remarks on detonation are especially interesting, There are three 
distinct types of ignition of a petrol charge : 

(1) A flame is started at the sparking plug and spread by turbulence 
of the mixture. This is normal combustion. 


(2) The charge auto-ignites before the passage of the spark, usually 


at some local hot spot. This is pre-ignition, and causes serious over-heating 
of the engine and ultimate stoppage. 
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(3) At some period subsequent to the passage of the spark the type 
of combustion changes. The flame is spread by molecular action instead 
of mechanically, and the mixture is said to detonate. Detonation is pro- 
bably due to chemical activation either during the compression stroke o1 
subsequent to the passage of the spark, and can be prevented by the presence 
of certain metallic dopes which appear to modify the activation of the 
charge. The charge may still auto-ignite, and there is evidence that the 
metallic dope may increase difficulties due to auto-ignition while suppressing 
detonation. The ideal engine fuel has to be equally free from both defects, 
and must rely entirely on turbulence to spread a flame which has_ been 
started at a definite moment by means of a_ spark. Mixtures of benzol, 
petrol and alcohol fulfil these requirements best. 


The Temperature of Inflammation of Hydrogen-air Mixtures. (Pretre and 
Laffitte, Comptes Rendus, October 29th, 1928, 9.763.) (8.51/9925 Trance.) 
A dry hydrogen-air mixture was admitted suddenly into an evacuated Pyrex 
glass tube, heated electrically, and the temperature of visible flame on admission 
was noted. A series of experiments with ascending and descending tempera- 
tures determined the limiting temperature of inflammation, The results depended 
on vacuum in the Pyrex tube; with a ro per cent. mixture and the high vacuum of 
1-10,000 mms. the temperature of inflammation was 455°C., with a pressure 
of 10 mms. of mercury the temperature was 504°C. The limits of inflammability 
are widened by pre-heating. 


Flame Movement ino Gaseous Explosive Mixtures. (O.C. de C. Ellis, Fuel, 


Vol. VII., No. 11, November, 1928, p. 502.) (8.51/9926 England.) 


Photographs show the propagation of a carbon-monoxide-oxygen flame 


through a closed tube with ignition from one end. The mechanism of flame 
vibration is followed, and is shown to be largely connected with the cooling 
effect of the walls. The article is to be continued. 


The Velocity of Ignition of Liquid Fuels in Air. (H. Mache, Sitzunesberichte, 
1928, No. 7, pp. 455-462.) (8.51/9927 Germany.) 

Experiments determined the speed with which inflammation travelled along 
the free surface of various liquids. The vapour pressure of the liquid and_ the 
cooling produced by the surface over which the liquid is spread are important 
factors. The differences between liquids requiring a wick for combustion and 
those which do not are explained. 


Flame Movement Gaseous Explosive Mixtures. (O.C. de C. Ellis, Fuel, 
Vol. VII., No. 10, Oct., 1928, p. 449.) (8.51/9928 England.) 

When no part of the flame surface is in contact with the wall of the tube, 
the rate of rise in pressure at any moment must be proportional to the mean 
pressure in the tube and to the total area of flame surface. When there is 
contact, the gross increment bears similar relations, being proportional to the 
pressure in the tube, and, nearly, to the number of flame surfaces; the decrement, 
neglecting losses by radiation, is proportional to the pressure in the tube and 
to the total cooling surface, and it may be noted that the total cooling surface 
at the inception of the ‘* second phase *’ increases with the number of ignitions, 
but less and less as the length of tube divided by the number of ignitions 
approaches equality with the bore of the tube. It would appear that in all 
cases there is a tendency to a net increment of pressure until the last flame 
surface expires; for, in general, the whole column of gas in the tube is brighter 
for the few centiseconds preceding and just following the expiration of the last 
surviving flame surface, as if this were always (as in some cases it is known 
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to be) the period of minimum pressure. The duration of the total flame period, 
measured from the moment of ignition to the moment of expiration of the last 
surviving flame surface, tends to be less as the number of ignitions increases. 


Acetylene as an Engine Fuel. (Dr. Lutz, Der Motorwagen, September roth, 
1928, p. 577, Ist article.) (8.51/9981 Germany.) 

experiments were carried out on a 4-cylinder car engine, go mm. bore, 99 
mm, stroke, compression ratio 3.96. Stable running with pure acetylene was 
obtained only within narrow mixture limits. Mixtures containing less than 3 
per cent, by volume of acetylene were liable to backfire, and mixtures containing 
more than 5 per cent. to detonate. The explosion limits can be widened on the 
rich side by injecting water. .\ more effective process is to add a fuel of high 
latent heat to the acetylene. The results obtained with alcohol acetylene mixtures 
will be given subsequently. 


lcetylene as an Engine Fuel. (Dr. R. Lutz, Der Motorwagen, No. 32, 20/11/28, 
PP. 777-783, 2nd article.) (8.51/9982 Germany.) 


Only weak acetylene-air mixtures can be employed without detonation; the 


permissible strength diminishing wth increasing speed. At each speed there are 
usually two mixture strengths giving identical power, the weaker mixture being 
as prone to detonate as the richer one by reason of slower combustion. Auto- 


ignition and detonation can be reduced by injection of water or alcohol, Con- 
siderably less alcohol than water is required to avoid detonation, showing that 
the effect is not purely a thermal one and that the combustion of the alcohol 
affects that of the acetylene. The article is to be continued. 


Some Flame Characteristics of Motor Fuels. (G. B. Maxwell and R. V. Wheeler, 
Industrial and Engineering Chemistry, Vol. XX., No. 10, October, 1928, 
p. (8.514/10040.) 

From the study of flame photographs of pentane, benzene and dopes the 
following conclusions were drawn : 

(1) The passage of a flame through a combustible mixture does not imply 
that the region through which the flame has moved is filled with exhaust 
products capable of no further chemical action, 

(2) Although non-luminous, this region may be in a very sensitive state, 
still containing considerable amounts of chemical energy ready to be liberated 
if a suitable impulse is provided, 


3) Combustion may be completed in this region by means of a pressure 
wave of relatively small amplitude. (Either initially produced at plug and 
reflected back or caused by vibrating burning of flame and flame arrest.) 

(4) Such a completion of burning is practically instantaneous and is the 
cause of detonation in an engine. 

(5) Detonation in an engine can be prevented by causing the reaction 
to become continuous in the wake of the flame. 

(6) The region through which the flame has passed remains luminous, 
and any pressure waves set up before completion of combustion proper cannot 
liberate suflicient energy in this region to cause detonation. 

(7) The effect of dope is to lengthen out the flame period, and make the 
flame of a pinking fuel (pentane) similar to that of a non-pinking fuel (benzene). 
In either case the region through which the flame has passed rapidly loses 
its available chemical energy, and the shock wave, if formed later, finds no 
energy to be released. 


(8) Auto-ignition in front of the flame is not the cause of detonation, 
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2 Lubricants 
Motor Oil Characteristics. (S.A.E. Journal, October, 1928, p. 380.) (8.41/9915 
WS. A‘) 

There is a class of commercial lubricating oils with which engines can 
cranked at low temperatures but which do not circulate until warmed up to 
or above the pour-point ; and another class with which engines cannot be cranked 
at low temperatures but which would circulate if the engine could be started. 
A third desirable class would include oils with which engines can be cranked 
and which will also circulate at low temperatures. 


be 


3 Thermodynamics 

Radiation from the Inside of a Circular Cylinder, Part II. (By H. Buckley, 
M.Sc., F.Inst.P. Abstr. Phil. Mag., No. 36, September, 1928, p. 475.) 
(8.57/9949 England.) 

In a previous paper the effect of multiple reflexion from the walls of a 
uniformly-heated infinite cylinder in building up black-body radiation was con- 
sidered. The method is now applied to the case of a finite uniformly-heated 
cylinder, and an approximate solution is obtained. 

The brightness of the inside of a non-radiating cylinder illuminated by 
a uniform sky considered as a light well can be deduced. 

The radiation from the inside of a uniformly-heated infinite cylinder with 
an infinite hongitudinal slit is obtained by the exact solution of an integral 
equation. The results show how closely a radiator of the type of Ives’s primary 
standard of light approaches the ideal black-body radiator. 


Mathematical Theory of Heat Storage. (W. Schmeidler, Z.A.M.M., Vol. VIIT., 
Part 5, October, 1928, pp. 385-393.) (8.57/9950 Germany.) 

The discussion arises out of practical problems met with in the production 
of steel by the Siemens-Martin process, but the methods are of interest from 
the point of view of cooling problems, particularly air-cooled engines, and 
possibly hot wire anemometers. 


Calculation of Temperature Distributions in Rotors of Electric Machines. (S. 
Bergman, Z.A.M.M., Vol. VIII., Part 5, October, 1928, pp. 402-413.) 
(8.57/9951 Germany.) 

Mathematical methods are developed by following the flow of heat through 
an iron rotor and numerical results are tabulated. The methods are of general 
interest in connection with the flow of heat, and are not limited to the special 
problem. 


4 Dopes and Detonation 


Tron Carbonyl. (Chemical and Metallurgical Engineering, July, 1928, p. 444.) 


(8.514 9917.) 

Iron carbonyl under the trade name of ‘* Motalin’’ is used as an anti- 
knock compound. By the application of short-wave rays it vields Fe (CO),, a 
reaction adaptable for making photographic copies. When ferric carbonyl is 
heated under special conditions ‘‘ carbonyl iron’’ is formed, a very pure iron 
powder of high permeability, low hysteresis, and low eddy-current losses, suitable 
for magnetic cores and Pupin coils, Its purity and extreme subdivision render 
it suitable as a catalytic agent. When touched by a glowing match, it burns 
with an intense flame. 
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Influence of Tetra-Ethyl Lead on the Detonation of Carburated Gas Mixtures. 
(R. Duchene, Comptes Rendus, Part 4, July 23rd, 1928, pp. 200-203.) 
(8.514/9920 France.) 

Hexane-air mixtures at an initial temperature of 80° were compressed 
adiabatically, compression ratio 4.4, and fired by an electric spark. Mixture 
strengths varying from 8 to 12 per cent. by weight were examined either undoped 
or doped, with 5 per cent. tetraethyl. From a photographic study of the result 
of the explosions it is concluded that the lead dope influences the type of chemical 
reaction and prevents detonation when utilised in conjunction with a completels 
vasified fuel. The relatively large quantity of dope required in the case of a 
gas is explained by the absence of progressive concentration due to evaporation 
obtained when liquid fuels are present. 


Action of Accelerators and Inhibitors upon the Oxidation of Liquid Hydrocarbons. 
(T. E. Layng and M. A. Youker, Industrial and Engineering Chemistry, 
Vol. XX., No. 10, October, 1928, p. 1048.) (8.514/9921.) 
The following conclusions were arrived at: 
(a) Hvydroxidation theory of Bone is supported. 
(b) No peroxide was detected on the oxidation of normal heptane. 
(c) Results of Moreau and his co-workers depend on apparatus used. 
(d) The oxidation of kerosene is accelerated by lead-ethyl at 200°C. 
(e) That of normal heptane is diminished by lead-ethyl at 160°C. 
Generally speaking, a successful dope should accelerate liquid oxidation and 
retard gas oxidation. Lead-ethyl owes its success to possessing both qualities. 


Gaseous Eaplosions VI., Flame and Pressure Propagation. (J. V. Hunn and 
G. G. Brown, Industrial and Engineering Chemistry, Vol. XX., No. 10, 
October, 1928, p. 1033.) (8.514/9922.) 

\n analysis of coincident flame and pressure records of CS,, initially at 
atmospheric pressure, led to the following results : 
(1) After the flame has travelled a short distance a pressure crest of the 


order of 20 Ibs. is set up behind the flame front. 

(2) This crest is followed by a trough of approximately equal amount, 
and travels through the mixture with velocity 6f sound and is reflected backward 
and ferward in the bomb. 

(3) The passage of the wave through the flame can be followed by a 
brightening of the flame, and as many as 20 backward and forward passages 
> 2 

can be traced out. 

(4) When the flame has gone through the mixture, inflammation is at an 
end, but maximum pressure occurs at some later period. 

(5) If a pressure wave overtakes the flame at a point where their velocities 
are nearly equal, a proper detonation wave may be set up. 


Auto-Oxridation and Anti-Oxidation Properties of Antimony, Bismuth, Vanadium 
and some of their Compounds. (Charles Moreau, Charles Dufraisse and 
Marium Badoche, Comptes Rendus, No. 24, 10/12/28, p. 1092.) 
(8.514/9929 France.) 

The authors call attention to the fact that the same catalyzer may behave 
either as an accelerator or a retarder depending on the growing oxidation; on 
the other hand, two catalyzers of very similar chemical constitution may behave 
either as accelerators or retarders towards the same substance undergoing 
oxidation. 
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A Suggestion with Regard to Anti-Oxugenic Action. (K. C. Bailey, Chemistry 
and Industry, Vol. XLVIII., No. 2, 11/1/29, p. 35-) (8.514/9930. ) 

C. Moreau and C. Dufraisse have recently (Chemistry and Industry, 1928, 
47, 819, 848) summarised the results of their important researches on anti- 
oxygens, notably that each molecule of the anti-oxygen prevents the oxidation 
of an enormously greater number of auto-oxidisable molecules ; one molecule of 
hydroquinone prevents the oxidation of forty thousand molecules of acrolein, 
and similar results are obtained with benzaldehyde. In their well-known theory 
only those benzaldehyde or acrolein molecules which possess a certain minimum 
energy are capable of reacting with oxygen, and as these molecules cecur in 
very small proportion at ordinary temperature, a very small number of hydro- 
quinone molecules is capable of dealing with them. 

The author, in criticism, points out that the activated molecules might 
circulate for a long time without coming within the influence of molecules of 
anti-oxygen distributed uniformly through the volume, From his own experi- 
ments he concludes that about 90 per cent. auto-oxidation takes place at an 
inter-surface, and only about 10 per cent. in the volume of the fluid. Surface 
reaction only is affected by the catalysers. The effectiveness of the catalyst 
is thus due to its presence in inter-surfaces. Auto-oxidation in the vapour 
phase is much more difficult to control by catalysts. 


Synthetic Fuels. (A. W. Nash. A. R. Bowen, Journal of Institute of Petroleum 
Technologists, Vol. XIV., No. 60, pp. 643-650, August, 1928.) (8.514/9931 

A survey of claims of previous years indicate many new results, some of 
which have not been substantiated by published experimental work. 

The catalytic hydroxation of coal at high hydrogen pressures appears. to 
be an important advance, and the pronounced effect of catalyst in this reaction 
has been shown. 

The claims in the pyrolysis of methane are difficult to correlate with the 
fact that it has a tendency for breakdown into its element only, although its 
homogenes (ethene, propane and butane) are known to form higher aromatic 
hydrocarbons at moderately high temperatures. 


5 Carburation 


The Atomisation Produced bu Carburettors. (F. N. Scheubel, Luftfahrt- 
forschung, 26th June, 1928, p. 63.) (8.53/9932 Germany.) 


The atomization of a typical carburettor was investigated photographically 


by means of spark photographs. The results obtained have been co-ordinated 
by means of the capillary wave theory. It is shown to be advantageous to 


make the throat of the choke parallel for some distance, and to place the fuel 
metering nozzle immediately in front of sudden expansions of the air stream 
cross section. There are numerous photographs and a bibliography. 


Investigations on Afomisation with Spray Carburettors. (J. Sauter, V.D.1., No. 
44, 3/11 28, Pp. 1572-1574.) (8.53 9933 Germany.) 

The atomization is measured optically by observing the amount of absorption 
in a standard beam of light passing through the mixture. Various carburettors 
were compared, and it was found in every case that the atomization was insuffi- 
cient at low air speeds. Although not capable of absolute measurement the 
plant described is considered as capable of yielding comparative data. 
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Pronerties of Submerged Carburettor Jets Investigated at Purdue. (Automotive 
Industries, October 6th, 1928, p. 480.) (8.53/9934 U.S.A.) 

Experiments were carried out with benzol and the coefficient of discharge 
for various heads and types of orifices was determined. The results are plotted 
in terms of non-dimensional coefficients, and can thus be transferred to other 
liquids and jet sizes by suitable changes in the coefficients. 


Theory and Design of a New Carburettor. (Masakiti Isikawa, Report of the 
Aeronautical Research Institute, Tokyo Imperial Universitv, No. 43, 
September, 1928, Vol. IV., 2.) (8.53/9935 Japan.) 

The new carburettor consists of a choke tube of the Venturi type and 
a fuel diffuser, diamond-shaped in section, which is a substitute for the fuel- 
spray nozzle of the simplest jet-in-tube carburettor. The choke tube slides 
axially and regulates the passage area of gas. A throttle valve may be entirely 
dispensed with. 

Investigation on the flow of air through this carburettor was worked out 
mathematically. 

A model carburettor was constructed on the basis of the mathematical 
analysis, and the test results agreed with the designed characteristic. 

Another innovation is the method of compensating the effect of temperature 
on carburation, This problem has not been studied thoroughly hitherto, and 
only partial solutions were available. The effect is chiefly due to changes in 
density of air and fuel and inadequate regulation in the discharge-characteristic 
of the fuel-metering orifice with temperature. The solution was the use of a 
metering orifice of a discharge characteristic, whose variation with the tempera- 
ture of fuel just compensated the corresponding changes in the density of air 
and fuel. 

By analytical discussion and by experiment a simple form of orifice was 
designed satisfying the required conditions. The method is applicable to other 
carburettor designs. 


A New Method of Fuel Induction for Internal Combustion Oil Engines. (F 
Rochefort, Comptes Rendus, No. 16, October 15th, 1928, pp. 638-640.) 
(8.53/9993 France.) 

\n auxiliary chamber communicates by a valve and channel with the main 
evlinder. During the induction stroke fuel is deposited in the channel, At the 
beginning of the compression stroke the valve opens, and the mixture which 
has been previously compressed flows at high speed from the auxiliary chamber 
into the main chamber, picking up the fuel in the connecting channel. As 
compression proceeds the carburated mixture flows back into the auxiliary 
chamber, which is shut off by valve just before the spark passes. From this 
mechanical and gaseous injection good atomization without high pump pressures 
is claimed. 


6 Heavy Oil Engines 
Tests with a Junkers’ Motor Car Diesel Engine. (L. Richter, V.D.I., No. 44, 
3/11/28, pp. 1569-1571.) (8.59/9983 Germany.) 

The Junkers opposed piston lorry engine has been modified by increasing 
the diameter of the scavenging air piston. On ordinary gas oil the full load 
consumption was 3,200 grms. per b.h.p. hr., at quarter load 300 grms. just 
faintly visible. The speed of the engine is kept constant by a special governor 
over wide ranges of load, a useful feature in traffic. 
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The Development of the Solid Injection Engine. (Symposium of papers read at 
the general meeting of the V.D.I. at Essen, 1928. V.D.I., 15th Septem- 
ber, 1928, p. 1279.) (8.59/9084 Germany.) 

In solid injection Diesel engines the after burning of the fuel gives rise 
to excessive heat transfer to the walls, and a reduction in fuel economy and 
various devices are described for reducing it to a minimum, essentially by 
directing fresh air into the neighbourhood of the injection nozzle and removing 
the exhaust products as fast as possible, The two stage ignition engine with 
nozzle injection into the throat gives a fair approximation to these requirements. 


In the coal dust injection engine, the coal has to be very finely pulverised, 


and the metering presents difficulties. Injection takes place early in the com- 
pression stroke against small pressures. A whole stroke is available for the 
preparation of the fuel, permitting cpmparatively high speeds. An engine 


of this type has been in operation for quite long periods, and, subject to over- 
coming lubrication difficulties caused by the accumulation of ash in the lubricating 
oil, it may prove a_ practicable design. 


Junkers’ Oil Engine for Aircraft. (La Conquete de VAir, 1/11/28, p. 504.) 
(8.50/9985 Germany.) 


An illustration is given of the 6-cylinder opposed piston oil injection acro- 


engine shown by Junkers at Ta, Berlin. The engine possesses two parallel] 
erankshafts which are driven through intermediate spur gears. One of these 
years operates the propeller. Further details are not given, but the estimate 
of performance, 700 h.p. for 800 kgms. weight, is considered optimistic. Junkers 


lorry engine, now in production, only develops 4o h.p. for 370 kgms. weight. 


Rahaust Temperature as Load Index for Oil Engines. (By E. C. Magdeburger, 
Member, Journal of the American Society of Naval Engineers, p. 496.) 
(8.59/9989 U.S.A.) 

Experiments carried out on a Deutz solid injection engine show that in 
general the B.M.E.P. increases with the exhaust temperature up to a limit 
of about 500°C, above which the engine runs badly, and the M.E.P. decreases. 
\ table of exhaust temperature, B.M.E.P. and speed is given, from which may 
be determined : 

(a) The total shaft power developed at any engine speed ; 

(b) The distribution of load on individual eylinders ; 

(c) Whether the unequal load distribution is dangerous to any of the 
evlinders ; 

(d) Maximum power output at any engine speed; 

(e) Maximum engine speed for any desired M.E.P.) or maximum 
M.E.P. for any desired engine speed ; 

(f) Best operating conditions with least heat load when both engine 
speed and brake M.E.P. may be varied. 

The instruments required are much simpler than either indicators or torsion 
meters. 


The Precompression Chamber Diesel Engine. (V.D.1., Vol. LXXII., No. 36, 
September 8th, 1928, pp. 1241-1248.) (8.59/9998 Germany.) 

A mathematical theory of the air flow in combustion chamber and ignition 
pot is given with an expression for the distribution of turbulence throughout 
the working stroke. The smaller size two stage ignition engine is considered 
in comparison with the plain solid injection type. It is less sensitive to fuel 
composition, and will operate satisfactorily over a wide speed range. 
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The Daimler-Benz Oil Engine. (Der Motorwagen, No. 23, August 20th, 1928, 
532-) (8.59/10001 Germany.) 

The engine has six cylinders in line of bore, 105 and stroke 65 mm. at 
13,000 r.p.m. it gives about 80 b.h.p. with maximum M.E.P. about 100 Ibs. 
sq. in. at 800 r.p.m. for a fuel consumption of 200 grammes per b.h.p. hr., 
and engine weight 9 kgms. per b.h.p. The suitability of two stage ignition 
for high speeds outweighs the inherent increase of fuel consumption, The lower 
fuel pressures throw less load on the Bosch jerk pump installation which has 
ports cut into the hollow pistons serving as inlet valves. The delivery valve 
is spring loaded, and rotation of the piston alters the timing of the inlet valve 
and the delivery. 


New Methods of Using Fuels of High Boiling Point in Internal Combustion 
Engines. (Ing. H. Ellerbusche, Der Motorwagen, No. 24, August 31st, 
1928, pp. 551-558.) (8.59/10002 Germany.) 


A vaporiser consisting of a cast iron sleeve fitting into a recess in the 
evlinder walls has a diaphragm which obstructs the passage of the gas from 
the valves to the piston head. The heavy fuel entering through the inlet valve 
is caught in the tray of the vaporiser, which reaches a high temperature, causing 
the fuel to evaporate, and produces turbulence in the air stream promoting 
combustion. ‘Tetraline and mixtures of benzol, tetraline and anthracene oil gave 
satisfactory results. Crankease dilution of the lubricating oil was prevented, 
and the engine could be operated without preheating of the air. 


Experimental Diesel Engines. (A. Turner, Inst. Naval Architects, Trans. 70, 
pp. 00-74, Disc. 74-85, 1928.) (8.59/10003 England.) 


The Admiralty Engineering Laboratory, West Drayton, has investigated 
the high-power Diesel engines of minimum weight and bulk suitable for driving 
marine propellers of the following types :—Single-acting and double-acting 
engines working on the four-stroke cycle and opposed piston; stepped piston 
and double-acting engines working on the two-stroke cycle. Details of dimen- 
sions and general performance are given for two engines built to the designs 
of the laboratory and three engines of proprietary design, results of supercharging 
through the induction pipe and by supplementing the air blast. The difhiculties 
encountered are faulty combustion, thermo-mechanical effects, and = mechanical 
wear, Special indicator connections were made to investigate the gas pressures 
behind the piston rings, and several indicator diagrams are given showing the 
pressures recorded with different arrangements of the rings. The test results 
and conclusions are numerous. 


Effect and Avoidance of Leaky Exhaust Valves in Diesel Engines. (O. Dinkela, 
Siemens Zeits, 8, pp. 382-384, June, 1G28, Science Abstracts, Section B, 
Vol. XXXI., Part 11, p. 576.) (8.59/10004 Germany.) 


With a leaky exhaust valve, caused by particles of carbonised oil settling 
on the surface, a smaller amount of air is drawn in, the piston exercises less 
pressure, the regulator causes more oil to be drawn into the cylinder, ignition 
is delaved, and the exhaust temperature increased. An unsuitable mixture 
produces smoke in the exhaust and an increased tendency to carbonisation in 
the exhaust valve. The other cylinders may then draw an excessively rich 
mixture to compensate for the loss of power. Pyrometers in the exhaust offer 
the easier means of detecting this defect, and CO, meters should also be intro- 
duced. 
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Lorry Diesel Engine made by Deutz. (Motorwagen, 30/11/28, p. 807.) 
(8.59/10037 Germany.) 

The Deutz Diesel is a solid injection two stage ignition engine, with the 
ignition pot of the combustion chamber displaced to one side to facilitate the 
placing of the valve, and cooling of the head. The stroke of the fuel jerk 
pump is varied by a cam. At low speeds a spring coupling with ratchet between 
pump and engine causes the cam to rotate quickly with improved atomisation. 


At high speeds the ratchet is thrown out of action by centrifugal force. The 
fuel consumption is below 200 gr./b.h.p. hr. between half and full load. The 
engine is not sensitive to the type of fuel. It is started by electric drive without 


compression, and the evlinders are brought into action one at a time. 


Coal Dust Engine. (R. Pavolikowski, Der Motorwagen, 20th July, 1928, p.-450.) 
(8.59/10038 Germany.) 

The Kosmos Machine Works of Goerlitz, Germany, have converted to 
work on pulverised coal, a Diesel engine of 16$ in. bore, 25 in. stroke, single- 
cylinder, four-stroke cycle, rated 80 b.h.p. at 160 r.p.m., which for twelve years 
has operated on coal and other solid fuels. Numerous nozzles were tried. The 
charge of pulverised coal is drawn into a special chamber by suction, which 
is then sealed to the outside, and the coal is forced by excess pressure into 
the compressed combustion air in the cylinder, where it ignites at a pressure 


of 440 Ibs. per sq. in. With a suitable design of combustion chamber the 
particles of ash remain in suspension and are expelled with the exhaust. To 


prevent ash from affecting the lubrication, clean air at 880 Ibs. per sq. in. is 
admitted between the piston rings, restricting wear to the upper part of the 
evlinder. The pulverisation is as fine as for furnace firing, and finer when the 
ash content is high. Hard coals can be employed, but give better results if 
ignited with gasoline or activated coal, The maximum output was 120 b.h.p. 


originally, and 110 b.h.p. was obtained after three years’ running. The maximum 
I.M.E. ranged from 162 to 167 lbs. per sq. in., the pressure at the end of the 
expansion being 53 Ibs. per sq. in. Two photographs and two indicatoi 


diagrams are reproduced. 


The Opposed Piston Junkers’ Diesel Engine for Motor Cars. (R. Conrad, Motor- 
wagen, September 3oth, 1928, p. 645.) (8.59/10039 Germany.) 

The crankshaft has a middle bearing on the circular web of the third throw, 
giving the much shortened construction essential, since even the two-cylinder 
type requires a six throw shaft. The fuel consumption is stated as 44 Ibs. per 
b.h.p. hr. at 600 to 1200 r.p.m., and 530 to 50 b.h.p., M.E.P. 110 Ibs. per 
sq. In. at 600 r.p.m., 95 Ibs. at 1200 r.p.m. 

ABSTRACTOR’S Note.—A Junkers Diesel of this type built under license took 
part in the recent French competition for lorries using heavy oils. It was stated 
that the lorry was slow and the exhaust cloudy, 


7 Engine Design 
General Features in the Development of Aero Engines in 1928. (G. Lehr, Revue 
Generale de L.’Aeronautique, Part 9, 1928, pp. 57-99.) (8.9991 France.) 


Unless the rated output can be maintained for at least 50 hours continuousls 


an engine is not fit for service conditions. The weight/h.p. ratio alone can 
be very misleading, and the high figure for certain racing engines is no sign 
of development of service engines as a whole. The latter have not shown 
much progress during the vear. There is a tendency to improve performance 
by increasing the revolutions per minute and fitting a reduction gear, The 


high speed engine is essentially a short stroke engine, and this accounts for 
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the success of the Napier Lion, Crankshaft troubles have been overcome by 
increasing the diameter of the shaft. Extensive drilling keeps the weight of 
such a shaft down and the fitting of thin webs gives increased bearing surface 


without lengthening the crankcase unduly, Such crankshafts, although stiff 
under load conditions, require careful handling when being machined, as_ the 
webs are easily deformed by transverse loads. The necessity of rigidity in 


the crankcase is fully realised, and in water-cooled engines the practice ot 
making the crankcase encircle a considerable portion of the cylinder is becoming 
general. To reduce weight pistons are made as short as possible, and the 
general use of light alloys for moving parts is being considered. By careful 
piston ring construction the oil consumption has been reduced to the low figure 
of 5 gr. per h.p.h. Progress has been made in the reduction of magneto weights, 
notably in the American Spitdorf magneto, which has two independent windings 
and one rotating element. Fire risks can be reduced by the use of fuels of 
higher flash point, such as ‘* white spirit,’’ a paraflin fraction distilling between 
130° and 180°C. The use of this fuel has been restricted by high price and 
low quality production. The fire risks could be further reduced by using heavy 
fuels with complete departure from present engine design. Such engines with 
a performance equalling that of existing carburettor engines will not be available 
for several years. 


The New Walter Aero Engine. (Castor, Flugwoche, Part 7, 1928, p. 181.) 
(8.6/9986 Czecho-Slovakia. ) 


The firm of Walter (Prague, Czecho Slovakia) has developed a new 7- 
cylinder radial of approximately 300 h.p.—bore 135 mm., stroke 170 mm., com- 
pression ratio 6-1, maximum r.p.m, 1850, normal output 340 h.p., fuel con- 
sumption 225 grms. per b.h.p. hr., oil consumption 18 grms. b.h.p. hr., weight 
including airscrew hub 248 kgms. 

The engine has passed stringent type tests. 


Rotary Valve Petrol Engine. (L’Industria, Vol. XLII., p. 227, Italy.)  (8.6/9987 
Italy.) 


The first part of the article gives a detailed analysis of the kinematics 
of the rotary valve of the Bournonville type. It discusses a single-ported valve 
as a basis—running at half engine speed—and extends the results to the triple- 
ported type, running at one- sixth engine speed. Numerous diagrams are given. 
The second part dice usses constructional details, and describes an Italian single- 
cylinder motor-cycle engine. The Barison type, using a slightly conical valve 
(apex angle 3 deg.), is mentioned, and a detailed description is given of the 
Minerva-Bournonville engine, which is a three-ported engine of 1,991 cu. cm. 
capacity with a compression ratio of 5.2 yielding 35 h.p. at 3,000 r.p.m, 


Theory of the Dynamic Vibration Absorber. (J. Ordmondryod and J. P. den 
Hartog, Mech. Eng., May, 1928, No. 5, p. 49.) (8.22/9973 U.S...) 


‘* Vibration Absorber ’’ is a small vibratory system tuned to the operating 
frequency of a larger machine, and attached to it at a suitable point. The 
absorber, without damping, annihilates vibrations of its own frequency com- 
pletely, but creates two other critical speeds in the system and is suitable only 
for constant speed machinery. When damping is introduced, the absorber con- 
stitutes a simple and effective means of diminishing the vibrations of a variable 
speed machine. An analysis of its operation in simple cases with and without 
damping is given, tests made on a model are described, and actual applications 
are discussed. 
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Wl Thrust Bearings for Aircraft Engines. (Chas. W. Rauch, 


Selection of Ba 
Engineering, October, 1928, p. 13.) (8.23/9990 U.S.A.) 


Aviation 
Thrust formule derived from boat propellers are useful in selecting airscrew 
thrust bearings. The thrust of an airscrew on the Wright Whirlwind is 600 
Ibs. in level flight, and the thrust bearing evidently has a generous safety factor, 
as no failure or serious wear has been reported. Inspection of a Pacific Air 
Transport engine showed perfect condition after 1,569 hours or 150,000 miles. 


Improvement in the Mechanical Efficiency of Internal Combustion Engines by 
the Employment of Unsymmetrical Pistons. (A. Eteve, French An 
Ministry Technical Bulletin, No. 50, September, 1928.) — (8.24/9996 
I-rance. ) 

It is proposed to balance the side thrust of the piston due to the obliquity 
of the connecting rod by fitting the piston with an inclined head, in this way 
the gas forces can be made to balance to a large extent the side thrust. The 
difficulty is to provide a satisfactory gas seal round the inclined surface of the 
head, which prevents any leakage destroving the gain oblique piston’ rings. 
Figures show an apparent increase in power of 5 per cent., but the experimental 
accuracy is hardly of this order. 


New Russian Air-Cooled Engine. (Le Document Aeronautique, No. 26, May, 
1928, p. 108.)  (8.32/9990 Germany.) 


This new engine has been constructed by the Government Institute of 
Scientific Motor-car Research. It is a 5-evlinder radial, 125 mm. bore, 140 mm. 


stroke. It is rated at 115 h.p. at 1600 r.p.m., and is known as the Nami-1oo. 
In a general design the engine resembles the German Siemens. The crankshaft 


and master connecting rod are mounted on ball bearings. 


Air-Cocling Aero’ Engines. Experiments on Heat Control and Increase in 
Power Output Air-Cooled Aero’ Engine Cylinders. (Dr. Ing. F. 
Gosslau, pp. 1335-1340, Zeitschrift des V.D.I., September 22nd, 1928, 
No. 38.) (8.32/10005 Germany.) 

The air-cooled cylinder under test is heated by means of an internal oil 
bath, and its temperature measured by means of thermo couples in air streams 
of various velocities for various cylinder shapes. From the results the autho: 
is able to predict the changes in temperature resulting from a change of scale. 
A limiting temperature of 300°C. is taken, and the maximum power obtainable 
per evlinder with the materials in present use is about 70 h.p. By supercharging 
it should be possible to reach too h.p. per cylinder. The stroke might be in- 
creased with advantage rather than the bore. 


Evaporative Cooling. (Alfred H. Marshall, Hartford, Conn., Mechanical Engt- 
neering, September, 1928, p. 695.) (8.34/9988 U.S.A.) 

Comparative experiments between water-cooling and = steam-cooling on a 
Chevrolet truck engine gave equal performances from 1,000-2,000 r.p.m. The 
steam-cooling gave considerably less, dilution of the oil in the crankcase, but 
incurred loss of steam and water on stopping quickly after a run. This can be 
avoided by running the engine light for some minutes before switching off. 
The Schliha Two-Stroke. (H. Baechler, Motorwagen, December 20th, 1928, p. 

862.) (8.871/9997 Germany.) 

A hollow stepped piston has a tubular extension fitted to the compression 
space. Crankcase scavenging air is introduced into the combustion space through 
the hollow piston and extension. During the explosion stroke the step piston 


al 

\ 

| 

| 

1 

1. 
F 

( 
a 

| 

( 

| 


ABSTRACTS FROM SCIENTIFIC AND TECHNICAL PRESS — 467 


is cooled by fresh air drawn in. The first part of the scavenging charge consists 
almost entirely of air introduced near the head of the cylinder through annular 
ports in the stepped piston, whilst the exhaust port opens at the bottom, giving 
good scavenging and negligible waste of fuel. An engine of 194 cc. stroke 
volume develops nearly g h.p. at 4,500 r.p.m. 


8 Engine Accessories, Instruments, Etc. 
New Anti-Freezing Compound for Water-Cooled Engines. (Motorwagen, Septem- 
ber 30th, 1928, p. 051.) (8.37/10c0oo Germany.) 
The 1.G. Farbenindustrie has put on the market a new anti-freezing com- 
pound ** glysantin,’? a derivative of ethylene glycol, of density 1.11 at 15°C., 


bp: (88°C., mp. at 19°C, An aequeous solution containing 30 per cent. 
glysantin shows separation of ice crystals at 16°C. and becomes opaque at 
21°C. The increase in volume on freezing is 0.8 per cent., compared with 


that of water 9 per cent. The viscosity is practically that of water. ‘* Glysantin 
is not lost by evaporation and has no corrosive action, 


Junkers’ 1.55. (Z.F.M., September 14th, 1928, p. 386.) (8.62/9992 Germany.) 

A centrifugal compressor is driven at a variable speed by hydraulic gear, 
the slip-in gear and the speed of the compressor being adjusted automatically 
by the atmospheric pressure. For a dry weight of 650 kgms. the engine 
develops 525 h.p. at 15,000 feet, with supercharger and 7oo h.p. on the ground 
with slight ground boost. 


\ 


Acroplane Engine Starter. (Automotive Industries, November 3rd, 1928, p. 635.) 
(8.82/9994 U.S.A.) 
A new inertia starter (Type C) has been developed by the Aero-Marine 


Starter Co., Keyport, N.J. The universal joint in the hand-crankshaft has a 
large angular adjustment, which permits cranking from either side of the fuselage 
or in the cockpit to give one-man starting. The mechanism weighs 17 Ibs., 


and will start engines up to 300 h.p. 


The New Type of Flying Machine. (Mr. Chappedelaine’s Gyropter, L’Aecrophile, 
15th July, 1928, p. 211.) (8.86/too10 France.) 

The Gyropter relies both for sustentation and propulsion on air jets supplied 
from two turbines, which are driven by means of a petrol engine placed inside 
the aircraft. No wings are fitted. A model to 1/1oth scale is stated to have 
flown successfully, and to have shown a lift corresponding to 1o Ibs. per h.p. 
The aircraft is intended to be manceuvred entirely by giving suitable direction 
to the issuing air stream. 


The Effect of Hydrocarbon Vapour on the Contact Points of Ignition Apparatus. 
(KE. A. Watson, Automobile Engineer, September, 1928, p. 347.) 
(8.91/9995 England.) 

It is sometimes found that the contact points of the ignition fail after a 
short period of service. There is evidence that failure is due to a deposit of 
extremely finely divided carbon from the decomposition of hydro-carbon vapours 
by electrical discharge. Proper ventilation of the magneto eliminates the trouble. 
Air Filter for Engines. (L’Aerophile, 15th July, 1928, p. 19.) 

(8.542/9914 France.) 

Fine wire gauze, pleated into a series of strips of varying dimensions and 
placed in the in-take funnel of the carburettor, forms an effective filter without 
obstructing the flow of the air, and acts as a flame stop in the case of backfire. 
rhe weight for a 450 h.p. engine amounts to approximately 10 Ibs. 
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The Measurement of Maximum Cylinder Pressures. (Chester W. Hicks, N.A.( 
for A\., Report No. 294.)  (8.632/9957 U.S.A.) 


This investigation mainly brings out the limitations of the available instru- 


ments. The main factors are the friction and inertia of moving parts, the 
differential areas exposed in balanced-gas indicators, and the short duration 
of the maximum cylinder pressures. 

So far the greatest accuracy in determining maximum cylinder pressures 
can be obtained with an electric, balanced-pressure diaphragm or disc-type 
indicator with a diaphragm or disc or relatively large area and minimum seat 
width and mass. 


AERODYNAMICS AND HyYDRODYNAMICS 


9 Hydrodynamics, Experimental 
Fluid Resistance to Moving Spheres. (R. G. Lunnon, Roy. Soc. Proc. 118, 
pp. 680-694, April 2nd, 1928.)  (5.32/10023 England.) 

Ixperimental determinations of the time of fall in water of spheres of steel, 
bronze and lead up to 5 cm. in diameter for distances up to 200 cm., give a 
resistance coefficient, which is plotted against the Reynolds number, and_ the 
experimental points for all three materials are found to lie on a single smooth 
curve in good agreement with Wieselberger’s results. A descriptive account 
of the fluid motion round a falling sphere is given. 


Velocity in the Boundary Layer of an Immersed plate. (M. Hansen, Report of 
the Aachen Aero. tnst., Z.A.M.M., Vol. VIII., Part 3, June, 1928, pp. 
185-199.) (5.32/10024 Germany.) 

After reference to the solutions of Prandtl, Blasius and V. Karman for 
laminar and turbulent flow and the experiments of Burgers and V.D. Hegge 
Zvynen, a description is given of the scope and object of further experimental 
work. Seven types of leading edge are specified, more or less sharp or rounded, 
and of various materials. Types of surface are specified as smooth, undulating, 
rough and very rough. The numerous experimental results are exhibited graphi- 
cally in 25 diagrams, and comparisons are made with the results of other workers. 
It may be taken that they confirm substantially the accuracy of the formule 
given by Blasius and V. Karman 


Kaperiments on the Fall of Spheres and Discs in Viscous Fluids. (J. Schmiedel, 
Phys. Zeit., No. 17, 1/9/28, pp. 593-610.) (5.32/10025 Germany.) 

The resistance of spheres falling uniformly along the axis of a cylinder 
containing a viscous fluid is determined experimentally for small Reynolds num- 
bers and compared with the formule of Stokes, and with the modifications by 
Oseen, H. A. Lorentz and H. Faxen. 


The influence of two plane walls was worked out by R. Ladenburg, and is 


used to reduce the effects of the cylinder walls. The calculated and experi- 
mental results are tabulated in non-dimensional form and compared after reduc- 
tion with the case of an infinite medium. At the higher speeds the agreement is 


within a few per cent. 

In the fall of circular discs, oscillations appeared from R=8o upwards, 
about a quite arbitrary equatorial axis, and were coupled with a spiral path of 
descent. A coloured fluid indicator exhibited the formation of periodic eddies 
at opposite ends of the transverse diameter alternatively analogous to those 
formed in two dimensions at opposite sides alternately by the fall of an elongated 
rectangular plate. 
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The mean rates of fall and mean coefficients of resistance are tabulated in 
Table VII. and the coefficient of resistance shown graphically in Fig. 5 on 
logarithmic scales against Reynolds number. 

On the same type of scale the non-dimensional! quantity Nd v lies on straight 
lines for different constant ratios of density of body to density of medium. This 
quantity is analogous to the ratio hl in the theory of V. Karman’s street 
eddies, which gives a resistance varying as the square of the velocity. Actually 
Nd/vo<h/l. 

The whole of the experimental work was carried out in an elaborate manner. 
Photographs show spheres and discs detaching periodic eddies. 


10 Hydrodynamics, Mathematical 

Integration of the Equations of Flow with Axial Symmetry in Pipes. (Sexel, 
Ann. d. Phys., Vol. LXXXVII., Part 4, No. 20, pp. 570-580.) (5.32/10028 
Germany.) 

The mathematical methods of classical) hydrodynamics are unsuitable for 
turbulent flow, which requires statistical methods. Laminar flow between 
parallel plates is mathematically analogous to laminar (Poiseuille) flow in straight 
pipes of circular section, and both are stable for symmetrical disturbances. 
Notr.—This mathematical result is in contradiction with a 
physical point of view.) Neglecting the terms of the second order, interesting 
integrals are obtained in Bessel functions which are interpreted as the aperiodic 
subsidence of axially symmetrical disturbances. No progress has been achieved 
with the second order terms. 


The Resistance of a Disc Rotating in a Fluid. (C. Schmieden, Z.A.M.M., Vol. 
VIII., Part 6, December, 1928, pp. 460-479.) (5.32/10030 Germany.) 
The general differential equations of viscous fluid motion are written down 
in vector notation and transformed to polar co-ordinates. For assumed stead 
motion solutions are obtained involving Bessel functions satisfying: certain 
boundary conditions. The numerical solution depends on an integral equation 
and a scheme of numerical reduction and computation is given. 


Hydrodynamical Applications of Elliptical Functions. (W. Muller, Z.A.M.ML., 
Vol. VIII., Part 6, December, 1928, pp. 447-451.) (5.32/10031 Germany.) 
Elliptical functions of a complex variable have a real and an imaginary part 
which may be interpreted as velocity components of a field. Several examples 
are given of functions involving CnZ, snZ, dnZ, and graphical illustrations are 
added. 


Stability of the Karman Vortex Row, under Arbitrary Disturbances in Three 
Dimensions. (KK. Schlayer, Z.A.M.M., Vol. VIIL., Part 5, October, 1928, 
352-372-) (5.32/10032 Germany.) 

Von Karman limited his investigation to two-dimensional disturbances. 
lhe author introduces three-dimensional disturbances, forms a new differential 
equation for stability under more general conditions and obtains an equation 
of the sixth order as criterion of stability. 

In interpreting the conditions physically the author states that slight curva- 
ture of an individual vortex filament does not destroy the equilibrium unless 
resonance occurs between the self-induced velocity and the mutual induced velocity 
of the other vortices. 

Should the curvature become too great an individual vortex may become 
unstable with reference to the influence of the neighbouring vortices. Approxi- 
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mate criteria are found which suffice for most types of disturbances: by breaking 
up the general criterion into factors by neglecting relatively small terms, a method 
familiar in the problems of aeroplane stability. 


Equation of Viscous Motion and the Circulation Theorem. (H. Jeftreys, Proc. 
Camb. Phil. Soc., Vol. XXIV., Part 4, October, 1928, pp. 477-479.) 
(5.32/10033 England.) 

On Stokes’ assumption that the relation between rate of strain and viscous 
stress is linear, the general equations are derived briefly and compactly by the 
use of tensor notation. 

he expression for the rate of change, in time, of the circulation round a 
closed fluid line is obtained in the same notation, as an integral, with five terms 
in the integrand. The pressure term vanishes if p is a function of p only, but 
not otherwise, a fact which may be important in meteorology. The second and 
fifth terms involve products of viscosity by divergence and are taken to be of 
small influence in most cases. The fourth term shows that variable viscosity 
may produce circulation internally. The third term is the only one left for an 
incompressible fluid and its form shows that the vortices shed by an aeroplane 
starting up have initially circulation round them equal and opposite to that round 


the aerofoil. 


The Vector Integrator for the Mechanical Solution of Potential and Vortea 
Problems. (H. Fottinger, Zeitschr. f. Tech. Physik, 9, pp. 26-39, 1928. 
Abstracted in Zeitschrift fur Instrumentenkunde, 11/11/1928, 564.) 
(5.32/10041 Germany.) 

An instrument is described for solving equations in products of Bessel func- 
tions of different kinds, and products of Bessel functions and elementary tran- 
scendental functions. It is stated that the instrument saves a large amount of 
labour and time in the solution of hydrodynamic equations. 


I] Aerodynamics, Experimental 

Wing Characteristics through a Large Range of Incidence. (C. J. Wenzieger 
and T. A. Harris, Coll. Memorial Aeronautical Laboratory, N.A.C.A. 
Technical Note, No. 294.) (5.31/10021 U.S.A.) 

A number of profiles are tested from about 45° to +9c° as monoplan 
wings, biplane wings with varying stagger and difference of incidence, and with 
varying plan form, and with variable flap incidence. The results are given as 
C\/Cy curves in 18 diagrams. The application is to abnormal flight attitudes in 


aerobatics. 


Drag and Cooling with Various Forms of Cowling for a‘ Whirlwind “ Engine in 
a Cabin’ Fuselage. (F. E. Weick, Technical Notes National Advisors 
Committee for Aeronautics, No. 301, November, 1928.)  (5.322/10017 
U.S.A.) 

A conference of aircraft manufacturers at Langley Field, May 24th, 1927, 
put forward the problem of cowling and cooling air-cooled engines (radial) as 
suitable for investigation in the new 20 ft. airscrew research channel. 

This channel is of open throat type, diameter 20 ft., maximum velocity 
110 m.p.h. (N.A.C.A. Tech. Report, No. 300, 1928, D. H. Wood). The pro- 
gramme adopted included ten main forms of cowling to be tested on a J-5 engine 
mounted successively on two fuselages, three cowlings on an open cockpit 
fuselage and seven on a closed cabin type 
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The tests on the three open fuselage cowlings, numbered 1, 2 and 3 have 
not vet been carried out, The seven tests on the covered cabin fuselage are 
tabulated as follows .— 

No. 4. No cowling over cylinders or crankcase. Tested with and without 

wing (Fig. 1). 


Cowling covering slightly less than one-half of each cylinder and 


No. 5- 
over crankcase. Tested with and without wing (Fig. 2). 

No. 6. Same as No. 5 but with spinner. Tested with and without wing 
(Fig. 3). 

No. 7. Cowling over nearly all of each cylinder and over crankcase (Fig. 4). 


No. 8. Same as No. 7 but with spinner (Fig. 5). 

No. g. Single cowling completely covering cylinders, but no cowling over 
crankcase (Fig. 6). 

No. 10. Same as No. g, but with internal cowling similar to No. 5 ove! 
lower portion of cylinders and crankcase (Fig. 7). 

In experiment No. 4 there is no cowling, in Nos. 5-10 the diameter of the 
cowling increases regularly, leaving less and less of the evlinder heads exposed 
until in cowlings g and te the evlinder heads are totally enclosed. 

Fig. 30 shows graphically the relative drags of the cowlings Nos. 4-10 with 
fuselage onely, Nos. 4-6 with fuselage wings, No. to with cooling modification 
and for comparison the bare fuselage with rounded nose. 


The curves take the forms of nearly straight lines from 50 to 110 m.p.h. 
Taking the drag of 25 Ibs. weight at 85 m.p.h. on the bare fuselage with 
rounded nose as the unit of comparison we get the following figures : 


Bare fuselage 
No. 10 10 m. (with cooling modification) 
No. 8 m. (with cooling modification) 3.00 
No. 7 m. (with cooling modification) — ... 
Diagrams 32 and 33 show airscrew efliciencies. Again No, to shows. the 


best results with a slightly higher maximum efficiency (0.79) and a_ slightly 
wider range of high efficiency, but the differences are much less marked. 

Full-scale flight tests of No. 10 cowling were made on a Curtiss AT-5.\ 
acroplane at low altitude with full power. On the original machine a maximum 
speed of 118 m.p.h. was obtained at 1,goo r.p.m. With the new cowling a 
speed of 118 m.p.h. was obtained at 1,720 r.p.m. and a maximum speed of 137 
m.p.h. at 1,900 r.p.m. 

Phe cooling of the engine was normal and there was no interference with 
the pilot’s view. The controllability was also improved and rendered smoother 


by the improved flow of air round the fuselage. 


Inverted Flight. (A. Williams, Lt., U.S.N., Aero Digest, September, 1928, 
422.) (5-322/10020 U.S.A.) 

The author is a well-known expert in aerobatics. The N.A.C.A. supplied 
and installed a three component accelerometer mounted at the c.g., a recording 
air speed meter and an altimeter. (ABsTRacTOR’s NotE.—The readings of the 
air speed meter obviously require cautious interpretation in any but straight 
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flying.) The manoeuvres carried out are described as inverted flight, inverted 
turn, inverted tail spin, inverted loop, outside loop, vertical figure S, and ‘* other 
experimental manoeuvres.’ 

The value of studying control movements with a model is emphasised. The 
importance of absolute confidence in the efficacy of the safety belt is mentioned 
on account of its influence on the pilot’s freedom to concentrate on instruments 
and controls. Numerous practical points are discussed with exemplary clearness, 


Two diagrams give simultaneous readings of three acceleration components, 


altitude and air speed reading. In an outside loop 3 2. is recorded. A 
complete roll about the rolling axis is described and a diagram of readings is 
given. Applications to fighting in the air are suggested and discussed. 


Kaxperimental Investigation of Wing Profiles arranged Echelon (Cascade). 
(KX. Christiani, G6éttingen, Report of the \erodynamical Laboratory of the 
Kaiser Wilhelm-Gesellschaft, L.F.F., Vol. I]., Part 4, 27/8/28, pp. gi-110.) 
(5.42/10022 Germany.) 


The object of the investigation is to derive data for airscrew design. The 
practical method followed is entirely similar to that used in this country. An 


interesting theoretical discussion of the mutual effects of the wings is given in 
accordance with the principles of the Prandtl-Lanchester theory, for a perfect 
fluid. 

Semi-empirical methods are applied to take account of the retarded wake 
and of the retarded air along the walls of the wind channel. A) number of 
pressure distribution curves are given, and polar curves for different conditions. 
Plots are given of the energy loss in the wake and the general results are 
published in 19 numerical tables. The conclusions are naturally somewhat in- 
volved, and follow the lines of results obtained in this country. — 


12 Aerodynamics, Mathematical 


Theories of Flow Similitude. (A. F. Zahm, National Advisory Committee for 
Aeronautics, Report No. 287.)  (5.32/10026 U.S.A.) 

The laws of comparison of dynamically similar fluid motions are derived 
by three different methods initiated respectively by Newton, Stokes (or Helm- 
holtz), and Rayleigh, zvs., the integral, the differential, and the dimensional. 
A scheme is proposed for collating the results yielded by the three methods. 


Streamline Motion of a Fluid in a Curved Pipe (Second Paper). (W. R. Dean, 
Phil., May 5, pp. 673-695, April, 1928, Science Abstracts, Section .\ 
25th July, 1928, pp. 523.) (5.32/10027 England.) 


’ 


A first approximation to the solution of the equations of steady flow of 
an incompressible viscous fluid through a pipe of circular cross-section, coiled 
into a circle, failed to show that the relation between flow and pressure gradient 
depends upon the curvature. The analysis of the present paper represents a 
fourth approximation. From the results, the apparent increase of viscosity 
with flux, found by Grindley and Gibson, is shown to be due to the curvature, 
and begins to be appreciable at the expected value of the Reynolds’ number. 
There is also good agreement with the experiments of Eustice, whose observa- 
tion that there is no marked critical velocity for flow in curved pipes is also 
explained by the fact that lateral movement is present in a curved pipe at small 
speeds of flow, so that there is no marked change in the general configuration 
of mean flow when turbulence sets in, 
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Interference of Walls of Rectangular Wind Tunnels with Wing Characteristics. 
(KK. Terazawa, Report of Aeronautical Research Institute, Tokyo, No. 44, 
October, 1928 (Vol. IV., 3), pp. 69-81.) (5.32/10C29.) 

\fter reference to Prandtl’s classical paper the author examines Glauert 
extension of the method to rectangular channels. The ratio of the span ot 
the wing to the distance between images is neglected by Glauert, and is brought 
in by the author. 

Complete expressions are found in Weierstrass’s integrals and transformed 
to theta-funetions and finally expressed in Jacobi’s q-series for computation. 

Numerical examples are worked out for a model aerofoil of R.A.F. 16 
section, 6-1 aspect ratio and 6 in, chord, tested in various tunnels, 


For 4 ft. sq. tunnel and 7 ft. sq. tunnel the following figures are given :— 


4 feet square. 7 feet square. 
Glauert. Terazawa. Glauert. VTerazawa. 
= 0.74 0.092 0.24 0.25 
0.013 0.010 0.0042 0.0044 


author concludes with a warning that the physical conditions are by no 
means those of a perfect fluid, and that further corrections may be required, 


Meridian Plan of Airship Hulls. (A. V. Paricval, Z.F.M., Vol. XIX., Part 21, 
November, 1928, pp. 493-495.)  (12.33/100c8 Germany.) 

\ method is given of expressing the meridian plan form by means of an 
algebraic equation and of meeting various specified conditions as to volume, 
degree of taper towards the tail, ete. by varying the parameters. There appears 
to be no physical basis for the equations. 


13. Aerodynamics, Full Scale Tests, Wing Flutter, Windmills, Etc. 


Flying Tests and Wind Channel Measurements on the ‘ Udet? Light) Aero- 
mann, Z.F.M., Vel. XX., Part 1, 14/1/29, pp. 3-15.) (5-322/3/9907 
Germany.) 

\ historical note of the development of light aeroplanes in Germany is 
given, and is followed by test records of the types mentioned, particularly for 
spinning. Fig. 6 gives the polar curves of U.6, Fig. 7 of U.7, Fig. 8 of U.12, 
all showing a marked increase of resistance at an elevator angle of 20° and a 
discontinuity of the moment curve at high incidence, Figs. 9, 1o and 11 show 
the change of the polars in a side wind, the resistance being greater in every 
case, Figs. 12 and 13 show the effect of simultaneous side rudder and elevator. 

Spinning is investigated, and the characteristic cross velocities for different 
incidence and rudder settings are exhibited in a series of curves at different 
velocities. The longitudinal moment and the inertia forces are discussed, and 
the aerodynamic and inertia moments are compared in diagrams. It is noted 
that the U.6 once went into a spin and failed to come out; a reference is made 
to English work on the falling off of the longitudinal moments at high incidence, 
but it is not understood why the longitudinal moment of the U.6 fell off to 
such an extent, and further wind channel tests are required. 


Eerperimental Determination of the Polar of an Aeroplane and of a Bird in Fligh#. 
(Huguenard, Magnan and Sainte Lague, pp. 559-561, Comptes Rendus, 

No. 14, October 1st, 1928.) (5.322/10011 France.) 
g a cinema gun camera the trajectory of an aeroplane during a gliding 
flight can be followed and its resistance coefficients determined, the airscrew 
turning at the speed of zero slip stream. The fineness ratio of a complete fast 
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aeroplane under these conditions is of the order of 6. Assuming an airscrew 
efficiency of 80 per cent., an engine of 180 h.p. should develop a speed of 250 
k.m. an hour. Actually this h.p. only gives an air speed of 200 k.m. an hour, 
The discrepancy is a measure of airscrew interference, From experiments on 


the gliding flight of a swallow the fineness ratio was estimated at 19.5, over 
three times that of the fast aeroplane. 


The Effect of Tip Shields on a Horizontal Tail Surface. (Paul V. Dronin and 
Earl I. Ramsden, the Danie! Guggenheim School of \eronautics, New 
York University, and George J. Higgins, Langley Memorial Aeronautical 
Laboratory, Technical Notes, National Advisory Committee for .\ero- 
nautics, No. 295.) (5.335/10018 U.S.A.) 
Some aerodynamic gain can be obtained by the use of tip shields on horizontal 
tail surfaces, though it is considered doubtful whether their use would be practical 
in view of the increased weight and of the structural difficulties, 


Windmills in the Light of Modern Research. (A. Betz, from Die Naturwissen- 
schaften, Vol. XV., No. 46, November 18th, 1927, Technical Memoran- 
dum, National Advisory Committee for Aeronautics, No. 474.) (5.38/1003) 
Germany.) 


An expression is obtained for the maximum work obtainable from a windmill 


with a given sail diameter operating in a wind of a given speed. The ethciency 
of the mill is defined as the ratio of the maximum work obtainable in practice 
to this ideal limit. Experiments show that under the most favourable condition 
between 50 and 60 per cent. of the ideal limit can be reached. The primary 


consideration in windmill design being that of first cost there is not) much 
scope for modification of commercial designs. 


lileron and Wing Vibrations. (Vhoret, L’Aerophile, November, 1928, No. 
21/22, p. 333-) (5.211/10019 France.) 


On a French light aeroplane considerable wing and aileron vibrations were 


noted when flying at high speed in ** bumpy” air. By throttling down and 
a short glide, the vibration could be damped out. The vibrations were traced 


to slackness at the aileron hinge. 


AIRCRAFT DESIGN AND EQUIPMENT 
14 General Design 


The Coming Development of Giant Aeroplanes. (B. v. Romer, Luftfahrt, 
22/10/27, pp. 307-311, Trans. Tech. Mem. 463, N.A.C.A.) (5.14/9909 
Germany.) 

The paper consists of an account of projected giant aeroplanes—Junkers 
G.31, three Jupiter engines, 1,350 h.p., 25 passengers, the Rochbach ‘* Rocco ”’; 
the Dornier ** Super-wal,’’ two Rolls-Royce engines, 1,300 h.p., actually in 
existence, will be followed by the Dornier ‘* R-Jas’’ with four Jupiter engines, 
1,800 h.p. 


The ** J-1000’ of Professor Junker approaches the ideal of enclosing all 
working parts within the wings. It is of Canard tvpe, with four 3,000 h.p. 
engines. 


Junker likewise projects a still larger monoplane with six hulls and ten 
1,000 h.p. engines in pairs between the hulls. 
Klamt projects a seaplane with five 3,000 h.p. engines. 


ABSTRACTOR’S NoTE.—These designs seem more or less fantastic. 
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Structures of Thin Sheet Metal. (H. Wagner, Technical Memorandum, No. 
yoo, N.A.C.A., translation of an unpublished paper received in advance 
from the author.)  (5.11/9910 Germany.) 

On the assumption, by no means established, that light metal construction 
has advantages which outweigh the disadvantages, various types of sheet metal 
construction are investigated, and surprise is expressed at the great variety 
of views as to the correct analysis of stresses, applied to and supported by the 
metal. 

Generally speaking, designers seek to employ the metal to the best advantage 
by applying it to the cover of the wing in such a way that the strain energy 
is fairly uniform during flight. There are longitudinal stresses introduced by 
bending shearing stresses due to torsion, To prevent local buckling, 
stiffeners must be attached at distances not exceeding 60 times the thickness. 
For thin steel sheets of .25 mm. thickness the spacing is only 15 mm, For 
duralumin the dimensions are about 3 times as great, 

Junker employs corrugations running in the direction of air flow which 
increase the stiffness to torsion but not to bending. 

Dornier uses the metal skin chiefly as a covering, and torsional moments 
are absorbed by internal wing strut bracing as far as possible. 

Reference is also made to Breguet’s duralumin bodies. 

Wing Structure of Giant Aeroplanes. (EE. Offermann, translated from ‘* Riesen- 

fluezeuge,’? 1927 (Giant Aeroplanes) for N.A.C.A., Technical Memoran- 

dum No. 478.)  (5.14/10007 Germany.) 


In Chapter IIL., Section B, the effect of increase of size on aeroplane 
characteristics is discussed, and tabular comparison given between 
Lanchester’s results and Rohrbach’s results. 

Lanchester confines himself to geometrically similar aeroplanes with an 
assumed constant flight speed, landing speed and load factor, the method is 
therefore incomplete but suffices to indicate the main points, namely, that the 
percentage useful load falls off with size and the actual useful load increases 
to a maximum and then falls off, becoming negative beyond about 17 tons, but 
the power per kilogram and per m* remains constant, as also the kilograms 
per sq. metre, wing loading. 

Rohrbach increases the wing loading from 4o kg m® at 2 tons total weight 
to a 100 kg/m? at 32 tons total weight. The landing speed increases from 
So km hr to 127 km/hr, the flying speed from 117 km/hr to 270 km/hr. The 
hp m*- increased from 5 h.p. to 20 h.p. As before, the percentage useful load 
falls with size from the beginning, the total useful load increases to 2.1 tons for 
a total of 16 tons, then falls off and becomes negative. 

ABSTRACTOR’S Nore.—Neither method brings out with sufficient clearness 
that to obtain the increase of size the ‘‘ performance ’’ is affected adversely 
in a number of ways, which may, however, be permissible in designing a large 
machine for some special purpose. 


German Long Distance Record. (V.D.1., Part 29, July 21st, 1928, page 1032.) 
(4.14/foo12 Germany.) 

The new world’s endurance record of 65 hours 25 minutes was obtained 
on a Commercial aeroplane type W.33 with an L.5 Junkers engine of 300 
h.p. normal rating fitted with a metal airscrew 11 ft. diameter. The aeroplane 
weighed empty 1,362 kgs. This includes water in the radiator, as well as 
oil in the crankcase. It was loaded with 2,385 kgs. benzol, 75 kgs. lubricating 
oil, 13.2 kgs. instruments, 15 kgs. food and 150 kgs. for the two pilots. The 
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total load is thus just over 4,000 kgs., mean fuel consumption 35.6 kgs. per 
hour, total oil consumption for the 65 hours 17 kgs., an exceptionally low 
figure. The compression ratio of the engine was 7 to 1. Under better weather 
conditions another five hours might have been achieved. 


The Mechanism of Long Distance Flight. (L. Steiner, Zeitschrift fur Flug. 
technik und Motorluftschiffahrt, 28th December, 1927, p. 567, translated 
for A.R.C.) (4.14/10013, Germany.) 

The importance of engine fuel economy under varying conditions of load 
and speed requires closer attention, especially by provision of instruments for 
the maintenance of the most economical flying conditions. 


Cinematograph Measurement of the Motion of an Albatros L.68 ina Spin. (W, 
Hubner and Pleines, r1o6th’ Report of D.V.L.) (5.322/ 9906 
Germany. ) 

A description is given of the cinmatograph apparatus used, with 2 photo- 
graphs, and details of the reduction methods emploved. A photograph of the 
machine used is also given. 


The correction for wind velocity is given at some length and the various 
quantities observed and are tabulated in Tables 1 and 2, at intervals of 1) 1oth 
second (with a few exceptions), The reduced points are considerably scattered 
about a smooth mean curve, but the accuracy is considered to be equal to that 
of other methods emploved in determining the component velocities. The axis 
of the spin is found to be about 4 metres forward of the leading edge of the 
upper wing. The mean angular velocity found is 2.55 radians per sec, The 
horizontal component of the centre of gravity is 12 m.p.s., the vertical com- 
ponent 30 m.p.s., the path velocity 32.5 m.p.s. These are all mean values. 

A coefficient of spinning is defined as the ratio, span x angular velocity 
2 path velocity, the value varying from 0.34 to 0.41. 

The incidence at mid-wing was about 38°, at the outer tip 17°, at the 
inner tip 59°. 


15 Structures 


Strength of Bolts Piercing Wooden Members. (M. Schrenk and M. v. Pilgrim, 
114th Report of the D.V.L., L.F.F., Vol. II., Part 5, 15/12/28, pp. 147- 
160.) (5.2/9908 Germany.) 

A systematic series of tests is laid out in which bolts of varying diameter 
but of constant ratio length/diameter, passing through varying thicknesses of 
selected and graded timber, are loaded up to the point of collapse. The mechanical 
arrangements are illustrated by photographs and diagrams, and the experimental 
results are collected in tables and graphs. Fig. 18 gives a diagrammatic sum- 
mary of the results expressed as percentages of the average crushing load of 465 
kilograms per 

The tests are divided into two classes according as the bolts retained their 
shape more or less or were much bent under load. Bolt piercing the wood at right 
angles to the annual rings gave 15 per cent. higher resistance than bolts tangential 


to the rings. <A bibliography of sixteen entries is added. 
Wing Span as Fundamental Factor Aeroplane Design. (G. Lachmann, 


Z.F.M., May 14th, 1928, pp. 198-208, translated for N.A.C.A., Technical 
Memorandum No. 479.) (5.21/10016 Germany.) 

The aerodynamical need for a relatively large aspect ratio, and the structural 

disadvantages of a large span, bring into prominence this factor in design. — In 
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particular the paper deals with its effect in increasing the angular inertia of an 
aeroplane and thereby decreasing its manoeuvrability for aerobatics in sport and 
in war. 


Structural Weight of Aircraft. (Crocco, G. A. Atti del Accad., Lincei, No. 7, 
toth February, 1928, pp. 273-278.) (5.26/10014 Italy.) 

Phe minimum weight of an ideal structure is proportional to the forces at the 
joints and to the distance between joints. Applying parallel forces in equilibrium, 
and torsion couples in turn, stress weight relations are obtained for the two cases, 
appropriate coefficients being assumed for the strength of the material employed. 
This leads to a calculated limit for aeroplane structures. 


Strength Caleulations and Static Tests in’ Russia. (Article translated from 
\eronautique, February, 1928, pp. 42-45, for N.A.C.A Technical 
Memorandum No. 480.) (5.26/10015 Russia.) 

The writer makes a comparison between the methods of specification and 
stressing laid down by the Directorate of the Soviet Air Forces in 1927 with the 
French methods. These are obviously adapted from methods current in other 
countries, but indicate the existence of a technical design section equipped for 
dealing with such matters. 


16 Airscrews 
Contribution to the Theory of Screw Propellers. (G. Madelung, L.F.F., Vol. 
Part 5, 15/12/28, pp. 111-146.) (5.41/9964 Germany.) 

This comprehensive paper is a short treatise on the design of airscrews 
anticipated by the paper of Karman and Bienen, but developed in a manner more 
convenient for the design room. The different conditions of operation are laid 
down and their effect on the performance, particularly efficiency, is studied. The 
first figure gives curves of equal efficiency, the coordinates being pitch of motion 


and r.p.m. on logarithmic scales. The highest efficiency shown, 0.80, lies on an 
oval curve, one of a family, with the maximum (at a conjugate point) of about 
0.85. 

The influence of the disc area is exhibited in three sets of curves, the coor- 
dinates being disc area and efliciency. A further set of three curves gives the 


relation between efficiency and r.p.m. 

The problem of the best r.p.m. is discussed and a graphical solution is 
obtained, from a family of curves, of a quantity ky which is defined as the total 
torque power divided by the torque power of a geometrically similar airscrew of 
unit dise area, unit angular velocity, and of an artificial density half that of 
standard atmosphere. The figure shows that the best angular speed varies with 
extreme slowness save for exceptionally high loadings. 

The best forward speed is discussed and exhibited graphically as a function 
of disc area and efficiency. A comparison is given between Bendemann’s 
theoretical results and results obtained in practice ad a function of ky and 
efficiency, the maxima being 0.98 and 0.85 respectively. 

For the purposes of calculation, a large number of graphical figures are given 
permitting the designer to read off the numerical values of power, efficiency and 
r.p.m. for given conditions of operation. 


The Effect of the Body on Airscrew Design. (Troller Th., Report of Aachen 
Aerodynamical Institute, Z.F.M., Vol. XIX., No. 14, 28/7/28, pp. 325- 
328.) (5.41/9965 Germany.) 
The work of Bienen, v. Karman and Helmboldt on airscrew design is taken 
as the basis of an important extension to the interference between body and’ 
screw. (Bienen and v. Karman, Z.V.D-I., 1924; Helmboldt, Z.F.M., 1924.) 
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In No. 6 of the reports of the Aachen Aerodynamical Institute, v. Karman 
gives expressions for the velocity potential of steady flow past an airship hull 
obtained by building up a distribution of sources and sinks along the axis. The 
method is applied here to find the effect of the body, which is taken as a surface 
of rotation in the airscrew stream. 

Four arbitrary points on the body are chosen and four distributions of double 
sources along sections of the axis are assumed. The resulting four linear 
equations in the four unknown intensities of distribution are readily solved. The 
‘deflection of the streamlines and the corresponding changes in the momentum 
imparted to annular elements are plotted as functions of the radius. 


The effect on the efficiency is found to be small—a reduction from 0.89 to 
0.88. The fluid is assumed to be inviscid so that the problem is of an ideal nature, 
but there is no reason to doubt that the result gives a useful indication of the order 
of the effect at the airscrew disc. 

The increase of drag on the body is thus not dealt with, but it is presumably 
increased in something like the ratio of the square of the resultant speed, with 
probably a much larger adverse effect than that on the airscrew directly. 


Circulation Theory of the Screw Propeller. (Einar Hogner, Upsala University 
and Hamburg Schiffbauversuchsanstalt, Ann, d. Phys., Vol. LNAXVIL., 
Part 3, No. 19, 1928, pp. 385-423.) (5.41/g966 Germany.) 

The problem of the induced velocity field round an airscrew with a small 
number of blades was not completed by Betz and Prandtl. The present autho: 
writes down integrals expressing the three components of the induced velocity 
field due to a spiral vortex filament, in the usual manner. 


Inserting the values of the induced velocity components he writes down the 
thrust, torque and effective loss as the integrals, taken over the blade, of the 
products of circulation and velocity components, and inserting the values of the 
latter obtains general expressions as the sum of a single and a double integral 
over the blade. The resultant thrust for a small number of blades follows at once 
by ‘superposition. 

The problem of obtaining minimum effective loss is then attacked; the 
** frictional losses are neglected. The minimum loss thus found is 
approximate, but it is claimed that the approximation is sufficient for selection of 
the best design. 


Applications of Jowkowsky’s Vortex Theory of Airscrews. (WW. Margoulis, La 
rechnique, Vol. XIX., No. 85, November, 1928, pp. 174-185.) (5.41/9967 
Russia. ) 

In anticipation of the publication of a new book by Jowkowsky on airscrews 
in a French trnslation, the author gives a summary of the principles. Expressions 
are written down for apparent and effective relative velocities, circulation, 
incidence, ete. The various relations occurring in design are reduced to a set of 
five abacs or nomographs from which numerical values may be read off for any 
prescribed conditions. 


The Influence of Variable Inflow on the Serew Propeller. (E. Petersohn, 
Géttingen, Report of the Kaiser Wilhelm Institut fur Stromungssforschung, 

Werft Feederei Hafen, Part 10, Vol. VIIT., 1928.) (5.41/10034 Germany.) 

The airscrew is assumed to work in a stream of variable velocity, increasing 
vertically across the disc. Corresponding corrections are made in the usual 
integral expressions for thrust and torque, and the effects are given graphically 
in eight diagrams. It is found from the numerical examples that there is an 
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increase in the efficiency of the screw, but little effect on the selection of the 
best blade. 


High Speed Railways with Airscrew Drive. (BK. Wiesinger, Z.F.M., Parts 19 
and 20, 1928, p. 456.) (5.41/10035 Germany.) 

It is proposed to drive trains by fron’ or rear airscrews run on the normal 
track at speeds of the order of 160 m.p.h.; the h.p. per passenger being only 
20 per cent. greater than on normal trains at 40 m.p.h., by careful streamlining 
nd by reduction in weight, 


Measurement of Engine Torque in’ Flight. Poincare, L’Aerophile, 1-15, 
October, 1928, p. 309.) (5.45/9062 France.) 

A planetary reduction gear is readily adapted to measuring engine torque. 
lhe sun wheel is driven by the engine crankshaft, and the planet wheels drive 
the airscrews, the necessary reaction being produced by an internal tooth gear 
meshing with the planet wheels and mounted on the casing. The latter is mounted 
on ball bearings, and the engine torque is measured by the couple required to 
keep it stationary. Messrs, Farman have modified their conical epicyelic reduction 
vear on these lines, the gear wheel in question being held stationary by oil pressure 
which measures the torque. It is identical in general dimensions with a normal 


rreat advantage over other torque meters which have been 


reduction gear, a g 


proposed. 
The Measurement of Forces in Flight. (F. Seewald, Z.F.M., Parts 19 and 20, 
1928, p. 474.) (5-45/9938 Germany.) 


A new form of thrust and torque meter is described, which is a development 


f the well-known instrument first used at Adlershof. The original attempt to 
ombine both thrust and torque in one hub led to complications in design and 
has been abandoned. Two hubs are now provided, one for thrust and one for 


torque; for an analysis of airserew performance consecutive flights one with 
each hub have to be made. Flights with zero thrust give the airscrew interference 
by use of a special sensitive recording gear. The acceleration of the machine 
as a Whole measured by accelerometer is apt to be misleading, since the accelera- 
tion is not constant for the whole machine; it differs from part on account of 
the elastic deformation of the structure. The only satisfactory way is to measure 
the actual deformation in flight, and several extensometers are described, especially 
suitable for study of forces on sea-plane floats. : 


INSTRUMENTS 


17, Navigation and Instruments 
Method of Determining Position. (German patent No. 461970, Zeppelin Co., 
Flugsport, September 12th, 1928, p. 114.)  (6.3/9913 Germany.) 
Certain substances, of nature unspecified, which can be identified in the 


or by 


airship, are sprayed into the atmosphere from the ground or from kite balloons 
gas shells. 
1 New Type of Densigraph. (Comptes Rendus, November 14th, 1927, p. 1016.) 
(6.9/9916 France.) 

A constant tension spring acting on the shorter arm of an L lever sets up 
a clock-wise couple. The longer arm is attached to an aneroid capsule. By 
making the shorter lever vary with temperature the effective couple can be made 
proportional to the temperature, whilst the restoring force varies inversely as 
the pressure and the rotation of the lever is a measure of the density of the 
atmosphere. 
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On the Effect of Temperature Changes upon an Altimeter. (T. Sadaki, K, 
Hattori, I. Hagiwara and R. Tate, Report of the Aeronautical Research 
Institute, Tokvo Imperial University, No. 41, September, 1928, Vol. 
it.) (6.33/9958 Japan.) 

The temperature coefficient of an altimeter is large for other pressures than 
that for which it is compensated. If intended for accurate service, such as 
bombing or aerial photography, devices which compensate the temperature eftect 
at all altitudes are required. 


Drift Recorder. German patent No. 460966. (Prof. Junkers, Flugsport, 
September 12th, 1928, p. 114.) (6.35/9912 Germany.) 

An optical system forms a picture of the moving ground on a_ sheet of 
sensitized paper, the time of exposure being automatic. The paper is marked 
with a network, and from striation produced on the moving picture, the drift 
can be calculated. 


Accelerometers. (Langer and Thome, Motorwagen, October 31st, 1928, p. 724.) 
(6.47/9930 Germany.) 

A static form of accelerometer is described which records automatically 
the instant at which the acceleration exceeds a certain predetermined amount. 
A mass presses a spring against an electrical contact and breaks an electrical 
circuit when the acceleration exceeds the spring tension, The apparatus can 
be fitted into a small space and is being utilised to investigate the forces on 
landing carriages of aeroplanes when starting and_ stopping. 


Float Cor flict nts of Metering Nozzles Used for Water, Oil, Steam and Gas by 
the 1.G. Firm of Ludwigshafen, Germany. (V.D.1., October 20th, 1928, 
p. 1493.) (6.51/10006 Germany.) 

The discharge coeflicient was found to remain constant within +1 per cent. 
for all the liquids tested, provided the flow took place at about a certain definite 
Reynolds’ number. The principle of similarity is applicable to any one type 
of metering nozzle when using different fluids but not when changing the diameters 
of the tubes. The comparison between the metering nozzles developed by the 
1.G. and the standard nozzle of the V.D.1. shows substantial agreement. The 
1.G. nozzle, however, is to be preferred as being less sensitive to variation in 
manufacture. 


A Modification of the Rayleigh Disc Method for Measuring Sound Intensities. 
(L. J. Sivian, Phil. Mag., Seventh Series, Vol. V., pp. 615-620, March 
1928, reprinted by Bell Telephone Laboratories, April, 1928.) 


(6.79/99IT 
England. ) 


The usual procedure is to measure the steady deflection of the disc under 
the influence of a steady sound-field. Utilising the fact that the torque exerted 
on the disc is a non-linear function of the sound amplitude when the latter is 
a function of time, the amplitude of the sound-wave is varied with the frequency 
of the free vibration of the suspended disc and the amplitude of the corresponding 
oscillations of the disc is measured. The disturbances by air-currents are re- 
duced, and in many cases there is a gain in absolute sensitivity. 


Damping for Gyro-Compasses. (O. Martienssen, Phys. Zeits. 29, pp. 295-300, 
Mav 15th, 1928, Science Abstracts, August 25th, 1928, Vol. XXXI., 

Part 8, p. 594.) (6.344/9937 Germany.) 
A mathematical analysis is given of a new method of damping out the 
oscillations of a gyro-compass. <A small weight is placed on the edge of a disc 
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ki, K attached to the moving system and parallel to the compass card. This weight 
eee IE placed at the east side of the disc, and the small out-of-balance force produces 


ch an effective damping: of the oscillations. 


’ Vol. 
| 18 Instruments for Testing Purposes 
ies, The Escape of Heat from a Harmonically Oscillating Hot Wire. (R.S. Maxwell, 
"effect | M.A., B.Sc., Phil. Mag. and J. of Science, Vol. VI., No. 39, November, 


1928, pp. 945-965.) (11.15/G968 England.) 
An electrically-heated platinum wire was mounted upon the prong of an 
sport, electrically-maintained tuning-fork of frequency n. The hot wire cooled, and 
superimposed upon the steady fall in resistance there was a periodic change, 
with a corresponding periodic change in the electric current. This current was 


arked | analysed by means of a galvanometer, and was found to contain harmonics of 

drift ‘requeney 2n, 3n, and 4n, in addition to the fundamental. 


The escape of heat from the wire is due to the following factors : 
(1) The free convection effect, which is the same whether the wire is at 
7?4-) rest or in motion, except in so far as it depends on the temperature of the 
wire, Which is, of course, lowered when the wire is vibrating, 


ically (2) The forced convection effect which depends upon the velocity of the 
ount. | wire through the air, and which gives rise to 
trical 


(a) The steady drop in resistance ; 


" (b) Periodic changes of resistance of frequencies 2n, 4n, 6n, 
O 
The magnitudes of (a) and (b) depend upon the temperature and diameter 
of the wire and the velocity of the cooling current, 
is by (3) The effect due to the heating-up of the surrounding air which causes 
1928, the fundamental and probably all the harmonics to be present, 


A mathematical theory is developed, which is found to account qualitatively 
cent, for the observed results. 


finite 
nee Vaterials. (New machine for testing bearing materials, V.D.1., Part 31, \ugust 
“ters 4th, 1928, p. 1098.) (11.24/9948 Germany.) 
the The test piece, a small cylinder of 1 sq. cm. cross section and 2.5 cm. length, 
The is pressed against a hardened steel ring and lubricated under certain standard 
n in conditions. The steel ring is heat insulated and the rise in temperature of the 
| bearing metal specimen and the friction torque are recorded on a time basis. 
A series of bearing metals were tested below loads of 30 kgs. and speeds of 4 
Hes. metres per second showed small differences. With increased load and speed, the 
rch differences became more marked. The bearing metals of high tin content proved 
GIT to be the best. Bearing metal with lead base containing graphite was the best 
under low load, but failed under heavy load. 
der 


ted MATERIALS 
19° Metallurgy 


i Steels Used in the Aircraft Industry. _(H. J. French, paper read to American 
tins Iron and Steel Institute, Iron Trade Review, November rst, 1928, pp. 
1105-1108.) (10.12/9940 U.S.A.) 

The paper gives the point of view of the steel maker in regard to demand for 

00, specially high quality material for aircraft construction. Tabular data are given 
I., | of specifications of steels and the parts for which they are employed, in particular 
nickel, nickel-chromium steels for highly stressed parts, steels with high per- 

ua centage of nickel or chromium for parts exposed to corrosion, and nickel-chromium 


steels with heat-resisting characteristics for exhaust valves. 


A 
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The Causes of Failure of Wrought Iron Chains. (Department of Scientific and 
Industrial Research, Engineering Research, Special Report No. 3+) | 
(10.14/9956 England.) 


Experiments on chains taken from service of known history, together with | 
a large number of laboratory experiments, have shown that the main cause of 
deterioration in service of wrought iron chains is the production on the links of 
a hardened skin by repeated small impacts. Annealing at a dull red heat causes 
recrystallisation and softening of the hardened skin, thus restoring the link to its 
normal ductile state. Normalising from 1,000°C. produces the same result. The 
relative merits of annealing and normalising are fully discussed. 


Notes on Riveting Treatable Aluminium Alloys. (Bohmer and Westtinning, 
Zeitschrift fur Melallkunde, No. 6, June, 1928, pp. 209-216.) (10.22/9963 
Germany.) 


The hot riveting of aluminium alloy causes a deterioration of the mechanical 
properties of the metal. Moreover, through the high conductivity the rivet itself 
cools very rapidly, and this causes changes of the structure of the rivet. Joints 
obtained by the hot riveting process show the presence of considerable internal 
stresses. In order to obtain consistent results the rivets must be placed in position 
cold. When riveting cold, considerable care is required that the pressure should 
be applied evenly and a special tool is described which is stated to have overcome 
initial difficulties. 


Kaperiments on the Treatment of Electren Alloys. (IX. L. Meisner, L.F.F., 
Vol. [., Part 3, 30/3/1928, Report No. 93 of the D.V.L., pp. 95-101.; 
(10.22/9980 Germany.) 


Among many obscure points the following rules stand out. A certain amount 
of the alloved metal must be permanent solution in the principal 
metal. The solubility of the alloy under fixed conditions off 


with the temperature. These conditions are fulfilled in most of the electron alloys 
both Mg-Al. alloy and for an Mg-Zn. alloy, of which a large number have been 
tested in the I.G. Farben Industrie at Bitterfeld. Phase diagrams show the 
range of composition and temperature within which permanent. solutions of 
Al,-Mg, in Mg, and of Mg-Zn, in Mg can exist. Further tables show annealing 
temperature and duration and corresponding Brinell hardness. 

Three groups of alloys are thus dealt with—Group 1, Magnesium-aluminium 
alloys; Group 2, Magnesium-zine alloys; Group 3, Magnesium-aluminium-zine 
alloys. 

Of the alloys tested only two showed any notable increase in Brine! hardness 
with prolonged heat treatment. 

The treatment of electron alloys is accentuated when the temperature of 
solution of either or both aluminium and zinc in magnesium is exceeded. 


20 Fatigue 


The Static Foundations of Fatigue Failure. (W. Kuntze, V.D.I. 
20/10/28, pp. 1488-1492.) (10.621/9946 Germany.) 


The importance of behaviour under fatigue has led to many attempts to 
correlate properties, determined statically, with ultimate life under dynamic 
loading. The article considers the process of failure theoretically and the possi- 
bility of devising static tests which will give the information desired. 
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The Nature of “ Fatigue” in Materials. (IK. Lante and G. Sachs, Zeitschrift des 
Vereines deutscher Ingenieure, August 25th, 1928, pp. 1188-1189.) 
(10.621/9970 Germany.) 

A series of nickel rods were tested under fatigue conditions, using the 
high frequency machine constructed by Schrenk, and the fatigue limits for 
various amplitudes were determined. In subsequent tests the rods were heat 
treated at 750°C. for half an hour after a certain fraction of their normal life. 
In no case did the heat treatment increase the ultimate life of the specimen, 
and in most cases a decrease was observed. The author concludes that failure 
is due to a breaking up of the internal structure of the metal. 


Recent Investigations on Mechanical Oscillations. (Prof. Dr. W. Hort, Zeit- 
schrift. des Vereines deutscher Ingenieure, No. 32, August rith, 1928, 
pp. 1118-1122.) (10.621/9971 Germany.) 

A\ special committee of the V.D.1. deals with the theory of vibrations under 
three headings—(1) the loading of rotating parts in engines, (2) failures due 
to vibration, (3) the measurement of vibration, including noise, The committee 
has been in existence since 1924, and a series of papers has been published. 
Recently a meeting was held at Darmstadt, when papers dealing especially with 
vibrations of foundations were read. Vibration meters built: by Geiger and 


Okhiusem are compared. 


21 Elasticity 
Two-Dimensional Problems in Elasticity. (M. Sadowsky, Z.A.M.M., Vol. VIIT., 
Part 2, April, 1928, pp. 107-121.) (10.61/9972 Germany.) 

The general plane problem is reduced to terms of two pairs of conjugate 
functions. The form of the solution depends on the statement of the boundary 
conditions: if given in terms of stress alone or of strain alone expansion in 
Fourier series gives a method of great generality. But if the boundary con- 
ditions are given partly in terms of stress and partly ot strain, the analysis may 
introduce integral equations, 

Helicoidal symmetry in three dimensions may also give rise to soluble 


problems, 


The Structure of Wood ino Relation to its Elastic Properties. (A. T. Price, 
MiSc., Proc: Roy: Soc.,. A. Vol. CCAXVITI., pp.. 1-62.) (10:61/9974 
England. ) 

It is well known that the application of elastic theory to wood on_ the 
assumption that it is isotropic is a poor representation of the facts. In the 
present paper various degrees of anisotropy are assumed from experimental work 
and mathematical consequences are deduced. The results are compared with 
experiment in order to develop a workable method of estimating the various 
elastic coefficients. The structure of the wood is also examined, and a discussion 
is given of the relation between the structure of the wood and its elastic property. 

In spite of the large differences between the stress system in a homogeneous 
body and that in a specimen of timber it is found that the overall deformations 
do not differ as much as might be expected. There is, therefore, some justifica- 
tion for the usual procedure of treating wood as a homogeneous material. 


Some Problems of Shocks Transmitted in Bars and Plates. (IK. Sezawa, Report 
Aero. Research Inst., Tokvo, No. 45, Vol. 1V., Part 4, November, 1928, 
pp. 83-147.) (10.61/9975 Japan.) 

Solutions are derived for the form of wave transmission from the equations 
of motion of bars or plates where the material is visco-elastic, subject to various 
boundary conditions. The following problems are discussed :- 
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rep 
Parr I. 
A. A note on forced oscillations and free waves. 
3. Diffusion of shocks from some disturbed origins. the | 
*. Reflection and transmission of shocks of high frequency. 


| 
( 
D. Anomalous dispersion of harmonic shocks of high frequency, 
kk. Transmission of shocks in tension and compression bars. 


Remarks on the propagation of the statical deformation and on the failing | 
section of a beam due to shocks. 


Part II. 


(‘on 
G. Diffusion of shocks in two dimensions from some disturbed origins, 
H. Shocks transmitted along the edge of a plate. 
I. Reflection and refraction of shocks at some discontinuities. 
J. Scattering of shocks due to a circular obstacle. wan 
IX. Diffraction of shocks from a narrow slit. lo 
L. Transmission of shocks of high frequency, the azimuthal variation being 
taken into account. 
Although the author admits difficulties in relating the mathematical results 
to experimental facts, he claims that they indicate the amount of the stresses |) ©P 
and the position of the points of failure. 
9 ~ Pla 
22 Corrosion and Dopes 
Accelerated Tests of Organ Protective Coatings (Percv H. Walker and E. F. 
Hickson, Bureau of Standards Journal of Research, Vol. I., July, 1928, res 
No. 1.) (10.15/9953 U.S.A.) ane 
The equipment of the Bureau of Standards in accelerated tests of paints, ma 
varnishes, lacquers, bitumens, etc., is described. sol 


A variety of organic coatings, subjected to a cycle of alternate exposure to 
light from an enclosed carbon are, water spray and ozonised air, exhibited the | gri 
same kind of decay as from exposure to the weather. 


The dithculty of determining the relative condition of exposure tests is dis- 


cussed, and methods are described for determining quantitatively, when the 
coating ceases to protect. 

The Deterioration of Protective Coatings on Railway Coaches. (O. Konig, | 
\V.D.1., September tst, 1928, p. 1213.) (10.15/9954 Germany.) j te 
Ikxperiments by the German railways show that paints with a linseed oil base 


give the best all-round results. Paints containing an acetate base and the asphalt 
lacquers were inferior, and the worst results were obtained with nitro-cellulose N 
lacquers. In goods trains the worst corrosion was observed in trucks carrying 
coke, whilst trucks carrying lime were sound after 35 years. The life of the 
protective paint depends to some extent on the steel. Good results have been 
obtained in America by adding copper to the steel before it is rolled into sheets. 


Corrosion in Metal Sheets and the Effect of Crysial Surface Orientation. (Glauner ‘ 

and Glocker, Zeitschrift fur Metallkunde, Part 7, July, 1928, pp. 244-247.) - 
(10.27/9955 Germany.) 

The same materials may possess very different rates of corrosion according ke 

as the crystals in the surface of the sheet are orientated in a definite manner or is 
not. The rate of solution of a single crystal of copper is different for the crystal n 
surface and for sections. The surface solution with acetic acid is greater and C 
with hydrochloric acid less than the mean rate for all the crystallographic axes. a 
A metal sheet consists of a large number of crystals orientated differently, and it 


the rate of corrosion depends on the orientation. 


23 
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Preparation of Tungsten Carbonyl. (Andre Job, Comptes Rendus, No. 14, Octo- 
ber ist, 1928, p. 564.) (10.44/9941 France.) 


At room temperature the carbonyl is crystalline, it decomposes at 100°G.., 
the metallic tungsten catching fire in the air. 
(Abstractor’s Note.—This may be of interest in dope research.) 


failing | 


23 Strength of Materials, Mathematical and Physical 


Compression and Buckling Tests in Light Metal Tubes. (A. Schroever, 94th 
. Report of the D.V.L., L.F.F., Vol. 1., Part 3, 30/3/1928, pp. 102-108.) 
(10.61/9977 Germany.) 
Von Karman’s method of computing the resistance to buckling of cylinders 
under central axial load is applied to comparatively short circular cylinders of 
alloys numbered 1, 2, 3, 4, and compared with test results. 


The composition of the alloys is not given. 


esults Tables and diagrams give elaborate comparisons of calculation with 
‘esses | experiment. 
Plastic Buckling of Curved Cylinder Walls, etc. (J. W. Geckeler, Z.F.M.M., 
Vol. VIII., Part 5, October, 1928, pp. 341-352.) (10.61/9976 Germany.) 
9 In the experimental buckling of thin cylinders, disc plates, cheap metal 
/-% | reservoirs, ete., buckling under carefully applied stresses may take the form of 
waves in the metal. This periodicity of the physical phenomenon is investigated 
ints, | mathematically. The solutions have multiple values, and by selecting appropriate 
solution at least an approximate quantitative explanation can be given, 
“e to The differential equation is formed and solved. The periods are exhibited 
-the | graphically, showing subsidence of the undulation, 
+ The Use of the Yield Point in Design and Acceptance Tests. (Suhnel, 1226- 
1232, Zeitschrift des Vereines deutscher Ingenieure, No. 35, September 
Ist, 1928.) (11.24/9942 Germany.) 
nig, | lhe upper yield point is affected by the cross section of the specimen under 
} test. Cylindrical shapes give vield points considerably higher than those flat 
_ or angular shape, and the latter only show agreement with practice, 
: 
halt 
lose Note on the Recognition of the Yield) Point of Steel. (Kunze and Sachs, 
— Zeitschrift des Vereines deutscher Ingenieure, Part 29, July 21st, 1928, 
the | pp. 1oli-1016.) (11.24/9943 Germany.) 
é The variation in cross section of originally cylindrical specimen of steel was 
examined over the range from the vield point to ultimate fracture. The first 
— evidence of deformation generally occurred near the end of the specimen or at 
7 a surface crack. With homogeneous material the reduction in area spread 
progressively along the specimen, the load remaining practically constant, When 


| the new cylindrical shape of reduced diameter is reached, further increase in 


ng load produces a uniform extension of the whole specimen. The initial flow 
we is attributed to the presence of a brittle constituent in the steel, This is especially 
tal marked in the case of silicon steels. The explanation of the phenomenon is 
nd complicated by the fact that a healing process is produced by ageing the specimen 
ae at low temperatures. The yield point is raised considerably by an_ increase 


nd in the rate of loading, a fact difficult to account for. 
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Plastic Deformation of Crystals. (R. v. Mises Zeits. f. angew, Math. u, 
Mechanik, 8, pp. 161-185, June, 1928, Science Abstracts, Section A, Vol, 
XXXI., Part 11, 25/11/28, p. 839.) (10.61/9945 Germany.) 

\ general theoretical survey of the mechanism of plastic deformation | 
crystals. 


Internal Friction in’ Metals. (R. H. Canfield, Physical Review, September, 
1928, Vol. XXXII., p. 520.) (10.61/9947 England.) 

\ tubular specimen of the metal is made the elastic control of a heavy} 
pendulum bar. The system can be set into forced vibrations, either bending or] 
twisting the specimen, by a known periodic magnetic force-couple. The resonancy 
amplitude and frequency, with the moment of the impressed force-couple, yield 
the ratio of the energy dissipated in one cycle to the energy of the vibration. 
The tubular form of the specimen enables the relation between dissipation and | 
stress-amplitude to be studied in detail, at least for torsion. For normal (un- 
fatigued) metal, the internal friction appears to be entirely associated with shear, 
This is not borne out in certain specimens of fatigued or overstrained metal; 
but the exceptions are easily accounted for, 


Flattening of Steel Balls and Cylinders through Pressure Used in Measurements. 
(Prof. G. Berndt, Zeitschrift fur Instrumentenkunde, September, 1928, 
pp. 422-432.) (10.61/gg6g Germany.) 

The flattening of steel balls and cylinders has been investigated by Prof. 
Bochmann, of Dresden, and it was found that the numerical factor entering in 
the Hertzian equation required a reduction of 9.5 per cent. Previous experiments 
at the National Physical Laboratory, England, have shown the need of a 
reduction varying from 4 to 16 per cent. 


The Production of Katremely High Pressures (20,000 Atmospheres) and tli 
Application in Science and Industry. (Journal de Physique et le Radium, 

Vol. IX., p. 55, 1928.) (10.62/9944 France.) 
The high pressures are obtained hydraulically. On account of the impor- 
tance of the work it is intended to establish a special high pressure laboratory. 
So far various modifications of carbon at high pressures and temperatures have 


been studied. 


MISCELLANEOUS 
24 Wireless 


Propagation of Electro-Magne tic Wares by Thin Wires of Various Conductivitics. 
(.. Bergman and G. Holzhorner, Ann. d. Phys., Vol. LXNXNXVIIT., Part 5, 
No: 21, 1928, pp. 053-676.) (13.5/90939 Germany.) 
The general solution of Kelvin contains implicitly a term involving the 
diameter the distance from a neighbouring parallel wire, and the length of 
an ideal wave moving with the velocity of light and the conductivity. 
In application this implicit term, along with higher terms, was neglected. 
In the present paper (following M. Mercier Ann d. Phys. 1923, and A, Hund 
Se. papers of Am. Bureau of Standards, No. 491, 1924) the author uses this 
term for comparison of the theoretical change of wave velocity with the ideal 
wave. 
Measurements of the wave length were obtained by resonance methods to 
about one in ten thousand. The greatest discrepancy between observation and 
calculation was one in five thousand. (The distance between the wires (D) is 
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omitted, and on calculating it from the data in Table 3 it appears that it varies 
from 7 to 17 em.——ABSTRACTOR’S NOTE.) 

The general agreement between experiment and mathematical theory shows 
that the latter is adequate. 


Influence of the Karth’s Atmosphere on the Propagation of Short Waves. (J. 
Fucks, Zeitschrift fur Hochfrequenztechnik, October, 1928, No. 4, pp. 
125-129.) (13-7/0979 Germany.) 


Short electrical waves are dispersed by the intervening atmosphere by means 
of diffused reflection, From experiments on the audibility of short wave sending 
stations situated in America it is concluded that the effect of the atmosphere 
depends on the intervening pressure distribution, 


A New Type of Loud Speaker without the Interposition of Mechanical Mem- 
branes. (Von Max Brenzinger und Friedrich Dessauer, Physik-Zeitschr, 
XXIX., 1928, p. 654.) (13.21/9978 Germany.) 


A very fine metallic wire is stretched centrally inside a slotted metallic 
cylinder with a potential difference of the order of 10,000 volts, the wire being 


positive to the tube. A glow discharge takes place between wire and _ tube, 
the magnitude of which depends on the potential applied. If this system is 


placed in an electric oscillating circuit the variations in the electrical potential 
will cause changes in the electrical wind, and these in turn cause direct variations 
in the density of the air, thus producing sound waves. The same _ principle 
can be utilised in the construction of the microphone. Both instruments have 
been worked successfully. 


25 Civil Aviation 


Civil Aviation in the Light of Technical Development. (M. Haguenau, La 
Technique Aeronautique, No. 79, p. 72.) (15.1/10009 France.) 


The six private companies operating air lines in France experience diflicuity 
in getting up-to-date commercial machines, as the manufacturers are concentrating 
on war types. The formation of a single aerial trust in France would reduce 
running expenses, and their combined orders would be suflicient to interest manu- 
facturers in commercial design, Only in this way can the fierce foreign com- 
petition be met. 


26 Fire Prevention 


Studying Airplane Fires. (Anon., McCook Field, Dayton, O., Quarterly Natl. 
Kire Protect. Assocn., 22, 70-84 (1928), Chemical Abstracts, Vol. XXII., 
20/10/28, p. 3992.) (16.12/9952 U.S.A.) 


A slow motion cinematograph record of actual tests made at Wright Field 
with old planes on a specially constructed runway show the exact location of the 
source of fire. Ignition systems are a minor cause compared with exhaust 
systems. Water-cooled exhaust and liquefied CO, exhaust attachments were 
tried, but discarded in favour of air-cooled Al exhaust pipes provided with fins, 
designed to give a maximum surface temperature of 370°F., and_ effectively 
lessening the proportion of fires. Fireproof partitions are recommended and 
progress on CCl, extinguisher systems for airplanes is outlined. 
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27 Physiology of Aviators 
The Reduction of Oxygen in Air Breathed at Ordinary Atmospheric Pressure 
(Nitrogen Narcosis). (W. Waiser, 111th Report of D.V.O., Z.F.M., Vol. 
XIX., Part 21, 14/11/28, pp. 489-493.) (19.2/9961 Germany.) 
A number of examples is given of handwriting of individuals subjected to 
artificial atmospheres deficient in oxygen by various percentages, and a_ brief 
account of the observed physiological effects. 


28 Medical 


The Effect of Low Partial Oxygen Pressure (Nitrogen Poisoning at Atmospheric 


Pressure). (W. Kaiser, Z.F.M., November 14th, 1928, No. 21, p. 489.) 
(19.2/9960 U.S.A.) 


Experiments were carried out on human beings and animals, the oxygen 
concentration being reduced to 7 per cent. in the former and 2.8 per cent. in the 
latter case. Although no apparent changes in the blood circulation occur, there 
are serious physiological effects produced by a reduction of oxygen content at 
atmospheric pressure, differing from and persisting much longer than the effects 


produced at altitude. 


29 Acoustics 


On the Acoustical Properties of Conical Horns. (Kozi Sato, Report of the Aero- 
nautical Research Institute, Tokyo Imperial University, No. 42, Septem- 
ber, 1928, Vol. IV., 1.) (15.2/9959 Japan.) 

The intensity of sound as received through a conical horn with its axis set 
at different angles 6 to the ray of sound, was measured by the Rayleigh dise. 
The distribution of the sound intensity as function of the angle @ mainly depends 
upon the wave length (or the frequency) of the sound, and only slightly upon 
the geometrical shape of the conical horn if the diameter of the opening be the 
same. If the wave length of the sound be short enough as compared with the 
diameter of the opening, the sound energy is considerable only for small values 
of 6. On the contrary, if the wave length be long compared to the diameter, 
the sound energy is nearly equal for different values of 6. 
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